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-) all expressed. This process makes it possible to produce a (-)-strand RNA virus vector with a high practical value. 
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>y ? mmtwmcD m mt&m tzzt #oit£-e& So 

g#fg£M&©'i>&< £&-Sfl£:-r3c:£:lz<k r>*§*fiilDNA (cDNA) ££f£U l>< 

S#£b£&CD [Virology, 65, 1202(1991), Biotechniques,9,980( 1989), Nucle 
ic Acids Research, 18,3587(1990), Molecular and Cellular Biology, 7,887(19 
87), Proceedings of National Academy of Sciences of United States of Ame 
rica, 90, 3539(1993), Proceedings of National Academy of Sciences of Unite 
d States of America,86, 3519(1989)^] , t hft&*±$ J 

\stzt><D [Journal of Clinical Investigation, 88, 1043(1991)] tl2> 
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— £fiJfflb£— B$ift (transient) &#g312fc©gff£#;i«> £ftfco 

fcfc, ^-r;i/^^[*|^DNA^it^+f^i:bT^-r?)^©T-$) 0> ^©DNA<DmM 
«U ge©DNA£^§y£U 7^3ES*©DNA«c#'aDNA^M^^^O^^< £: 

o ^fe^JSfe^ilbTfiJfflT-^SDNA^^^^^^^-^b-C. #'Jx.fcfT:FV> 

— (Adenovirus vector)T-&> Heg<Z)3H£^?&^#'J£ bT l~Nature 
Genetics,3,l-2(1993)j ZM^T 3 d £ t?T' £ £o bfrb&#e>s DNA^-f;b^^ 

. 3I{E^te^ffl^*-fcbT^3i§i§rCfcJu +^^^5:^^^^$)?>o 

j&^s ±3ZH©^-l';i/^^^^ — {-Jrb^T^^:+£cD^Mi:%x.e>n?>. RNA-W;i/ 
T.SrS^bfcRNA'^ ;i/*^*-#|g^£*iooifc3o RNA-W JIX<DW.W± 
. S3©RNA££^2:U iBa5fe©RNA^#ttRNA^M^^I4^i:t- 3dh£«fc 
D> ffiMfI££J&rs^v^^a©ii!it)5gbCci; D^^JiSo 

( + ) URNA-W^/b^TS^ ARNAfcL |pJB#C^ y-fe >S^-RNA (WTf 

J!SCDMlR^(3^bT^mf 5Cttft'§5c mv>mx.n(^ ( + ) flRNA^ 

fcm-rzztorzzMttj zmvktZo (+) iiRNA^;i^ic#^£n^>> 
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> h* t:;*£-r;t/*fc*© (+) iiRNA&fc*t;ft£W-f £ (*8iflSrt£3* A^nsfc 

RNA& ( + ) I!, (-) il2:&£teft±/£Wb&0 (*fflfl&l*]C^A£ nt^^'T 

ARNA^Inl^dnRNAT:^) 2> ilV^^fiJ^C <fc 9, (+.) flRNA^^ ;V*C33t* 
SRNA^^;i/^^^^— ©USSA^frb*: [Bio/Technology, 11, 916-920(1993), 
Nucleic Acids Research,23, 1495-1501(1995), Human Gene Therapy,6, 1161-116 
7(1995), Methods in Cell Biology, 43,43-53(1994), Methods in Cell Biology 
,43,55-78,1994] „ #l£f£, * A U *»*£-f ;i>*(Semliki forest virus; SFV 
)^>>> K K*S-f;i/;*(Sindbis virus)££3fc-T SRNA^-f JIZ^P ^ 

arnacd?*,, ^-f^aa^cHtosfliaaaiE^TRW*^*^ s-oi^ofc 

<5^£iiM^bfcRNA£S*l&&1ijt£ bt^So d««fc-5J&:RNA*fct±l$RNA«:te¥ 
-£b©?3cDNA [Nucleic Acids Research,23, 1495-1501(1995), Human Gene Th 
erapy,6, 1161-1167(1995)] *mm&MmX'fflmftlzmA? 5 **3fe£ ilfi^ 
£^tr RNA^? * -co g MMi:fe¥7D ^e- * -T5it£>*Mfet£«1£^© *: 

^S«3grScDNAo.-y h (-\;i/^-) ±fB£>RNA^*-£#gS|-f ScDNA 

!USt5i:i^St»feo ^bT, ( + ) «m*^;i/*«c*&»«Jfc IEX+ 
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££t#i£^£ih,-t^3 [Bio/Technology, 11,916-920(1993)] 0 

W±©HIJHj&tiU fcb (-) fiRNA^^;ux(3fi*-ri)RNA^-Y;i/^^^^-^ 
^©P , i]^^^^ti5RNACD^*(c < to-r^bt-5^i:^e)nTi5»P^ RNA-W ;i/ 



WO 97/16538 



6 



PCT/JP96/03068 



mmx zztctb, fcmti zm?2>%LT&&&-? z>i?£o tKD&m&®mx& s 0 
(-) ilRNA^;^^*— &#£ut<^&^o ^*t&> >w;i/*cDNA£j@ 

& u ^ 4 )ix ftL^conMtft * n o z. h &m& x mm. 1~ o it c t tzm m ? s t % 

jte^mt^^T-S) -5 ft&&m.te?-*m&A,td << ;b*cDNAfr e> 0 << ft 

xn?&nMm.£tite\,m>D&. (-) mMk^^)ix^-<^^-t\,x^\ m-r 
* £ tz mm*.fc t> << )ix zftmr z z t x& z » 

m&LtzXvt (-) iIRNA^;i/7.GDRNA(vRNA; viral RNA)££te^<9*§*it}l 
RNA(cRNA; complementary RNA)£ WiT'ilfflSSP'g^^A UT & (-) fltRNA<W 

£#BJ3£>frt;:£nT^3o Z(DZt&, (+) URNA^-Ob*© 

J^CD^y A(Z^^ScDNA^ctt>*^t4OM0RNA^^;i/^©M3t^^j C^^ 
THBi&#&3fr\ ^^cD||®II^^^^D^^IB«g^nTV^?> rEMBO.J.,9,379- 

384(i990)j a, mmomm.&&^^t.wa<hti>tter), mm^in^b mxn 

&%±W%}fc%Lt)TV t X^2> (EMB0.J,10,3558(1991)#ra) ztfrZLX, &m 
¥4-21 1377^&I8 (C mM<D&lffi W <D %ft&M £ l£ 1 b & V a © fct HJ e> T* & 

So 

(Annu.Rev. Microbiol. ,47, 765-790(1993), Curr. Opin. Genet. D 
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EY., 2, 77-81(1992)) 0 << >7)l^>*f t> 4 8 ftW J A <fc & Mf&£tl2> 

(-) fOTA^-r;i/^T-feSo c:ne)OiStJ:nii s^u»-e©9t.oio 

titbomt, RNAte#t4RNA^U^^— fe* i^iWCil&tSCiiia *K H 

X £ Jl t" & 0 -i ~£ cDNAfr & CD £ ;i/ * ntgj&lz. O V ^ T <D$B^#£> 5 
(J. Virol. 68, 713-719(1994)) 0 

uipu c n e> © n# j&ftffi * at Missus © * -mm&ffi zlx^<d$l 

RNA«i7>f;i/^^^^-^CMTS^i:bT^ *«tc«SL 
fcRNA**?&*S«Bbfcb: h ^WlVBlZft UtgS L < £ bfc*§-£-£, 

f£CDlli*g?tH:^l Ufcvv RNA-W ©«8!lfilWJ£& £ 1? C 
©fliit UT * < &mtfi1b 5 i: £> ft 3 fr\ BEffi WJ©HI8H:ff font v n & o 
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ittbs -fe t? 4 frXQW. 1 ? (defective interfering particle/EMBO J. ,10, 

3079-3085(1991)#^) a3fe©cDNA£fcfcfc-fe «W )IX =-*f J A<DcDNA£H 

cDNA. <E^BUR£H"rScDNAl¥ % * <fctt*T7RNA* U ^ 7— t?S83&^=. y h 

tzo *«Ufff»l±I^ -fe>*'^ ^-f ;i/*:£:R<DcDNA£ ( + ) tlh (-) »Oi 
#fc*Smu «BJBSl*|-e ( + ) mZtzte (-) «©-b>^-f ^W^^RNA 

SSrtiz^Ab^o ^cD^-tr>^W ^•y;u^cDNA«J: D-fe>*V £>f 

#S&m3#£fcJ\ T7RNA^U^^— lf^^--y hT'&Z$mz.teV??- 
AU «I«aiE¥aS4^USi¥©cDNAST77'n^— ^— £KT _ elE¥£'&fc»£\ S 

J. Virology, 68 8413-8417(1994)j CCi3«^tlT43 & x 0Ef3«*#JS UTMaH^ 
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fc?(Do%, NP. P/Cx L ©3**lfefe^*:±tc:«bT^^S293fflllai*©«ilST* 
r-t), CKD&ODfciu NF\ P/C, L©3^CDSeHS«3aUT^So 

S«fc3*RNA**fflllSrtfc*ALfc»£\ 

£ (J. Virol. 68, 8413-8417(1994)) £Bj§ o tot, 0y*K r «£ 

^©«>>f ;i/^cdnaj ^ete^^nfc^^jae^^^trRNASv «j»iiE¥«SiB* 
I»t»*ot^5o IP*k ^s^c^t, (-) «RNA«>>f;i/ 

F> HN Jgfc^<D5 £*> 1 tt«JW±©»e^**6#±fc«#*" 

i^dfc&H^ffibfco h7>7^xry^7 iioff aiSli^T'S) D [Poltry 
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Sci., 65, 1445-1458(1986). Bio/Technology, 12,60-63(1994)] . M, F, HN JUS 

?M>m*tttti?zztte, ^nmtPM-M.tz^oz^h-nfrZo m, f, hn mfc^-o 

tA±izmm\^tz^w.*m.&?zi5m*m^tz 0 jut. -t 

£>f ;^Citl)l^S^t5o -fe>**>f "W;i/.*Z£fc (Viology,108, 
318-324(1981)) CD^y A&153847 V K <fc <0 & £-»IRNAT'£> So 

t&mimZ&&^mm&m^^cmA<Dtu->fr%&%.£ftT^Z> (Nucleic Ac 
ids Research, 11 ,7317-7330(1983), Nucleic Acids Research, 12,7965-7972(19 
84), Nucleic Acids Research, 14, 1545-1563( 1986)) 0 *f J ARNA& (-) HT-fe 

ii^Mii^^f^Oo ARNA^'zi- h-t5Ifiltbtli'>^< NP, P/C 
, M, F, HN. L ©6a!l!S#£ne>ftT^S#, u(D^ *>NPi:P/Ci:L£D3#^S^{3 
i£g+#&H^T*&SC£#^£>nT:fc?) (Journal of Virology, 68, 8413-8417 
(1994)) , M, F, HNii, ^ ^ ;U^^B^$:^£i5c-r £ £<fttc£>g&fi£#T*& 3 C t 
^JB^bT^So ti±©C RNA©&3fe1-£^<ORNA'W;i/*7>*-fc 
«W;i^T-<fc3iIl§r&, S^mS^CM^Sit^^PT-feSNP, P/C, L ± Xt, 

m, f, hn^hs^ 1 ©? %MA<Dfcmti(DKmzmt)Z&fc^mzmz?zm>LT^zM 

J^cfC, (1) DNACC^^^n^cDNA. © B£cDNA£»rtT-3£¥-r <&g&RN 

a* 7 — t? & =3 - k r s ite^ £ tz ft x cdna & os¥i ^rna^ © & 

§£Cli3fc>3?Ifc^, NP, P/C, L ^f^Th, M, F, Mfc?©? *>RNA©£1# 
h-©«l*]#A&£:£>— 31^©#§^T-*fri;fc>&V>#, -f<&< i:&RNA£)fcJt;fr 

(D&mzmt)zm.fc?mzt&&mzm&£ftx£^mm?zj5ft kmx&Zo 
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*mwm*>&ntz, z.o Lxmmm^tzm^i^^miz^m-rh^m^m^ 
ufeo mfofti^ Ra^s, &w&mzMtDZ&B*m*fttzir, m, f. hn 

W&l&mX'&Zo 

icatiW(-*A^nfe^ ^jS^^MMlt^ S?^Mhf5l^l©ffiMf6^^-r 
o M> F, HNjUk^CD? 9 — ^^^^©RNACZ^^Tem^^^^^H^STt 

miz&§ew-&t, rna^#^rna^m-^. wkfc&mnm^%&mmzmwT2>z. 

htit), ^hbTRNA^c#^RNA^O^^SP9J-r^J:^^^J^x (-) £1 

rna ^ 4 jix ^ ? ? —<d mmn\ t bt m& u tz a 
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(1) (-) »RNA£>f;i/;*K:fc#"rSRNA^ SK4t$ 

(2) ^©RNA^;i/*###g|5§2 (-) fmhtJKX-C&ZZ.t&ft&b.T 

S ( 2 ) iB«oa^^ 

(3) #^©ENA^^;i/^^-fe>^ ->-f;^t*^5Ci:SMJ:t5 (3) iB« 

(4) -fe>^ ^>f;i/^RNA^fcH:-b>^ ^-r^cRNAS^tfRNAT-s M,F,HN g 

(5) (4) fBts©RNAii, ±>yj'5-()\sx&$:<Dmm*^£te\<^<<j\'xmm. 

frt& ^ts&'&i&T- , IB!1£U&$I& i: RNA g #%SU£ hJtmt* ifi&mti ZXtUTZ 

(6) (4) iB«©m*K»ert*fct±«ii!af*3"eiE¥-r*ci2:©"e*s»SDNA 

£^trDNA, 

(7) «^<*:rtK:$*nsRNA*s^*ttae : ?*$ttci:*^r«i:'rs (1) - 

(3) (5) ©i^mfrciBttoa^k 

(8) «t^rtfc$*nsm*«^*tt»e-?*$*tc:fc*«rafc-r4 (3) $ 
tz& (5) ciB«©a^ 

(9) ^3fettae^*$tjiii:*«fai:-rs (4).k:ib«©rha, 
do) ^ttae^^tr^fc^afc-ra .(6) {cbs«<ddna, 

(11) ENA^#14RNA1t^^Pfig-r 2,m^J^^tf. ( 1 ) ~ ( 3 K (5). 

(7) (8) <D^?tifriztm(Dm.&mz<s£nzMh(DW.gimw%k 

(12) (1)~(3K (5), (7) Sfcfcfc (8) ©v>T"n^(CfB«©m 
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d3) (i)~(3K (5), (7) (8) (D^-mtnzmm(D& 
u&&fa£m-<D*)<D&&wk\s?zc.£&ftmfrz (12) ictBttcm^ 

(14) te&fitbm. wtfi^tsm fet±»4»©*-ea&* 

d^^i^TS (12) ^fctt (13) Cf3«&©7££. 

(15) i&tJ^ni^L^T-feScii^^h-rs ( 1 4)-'t:gB«©i&^ 

(16) M®ftmMT-&2>Z£*ftmt-?2> (14) tCfB«©?S^ 

(17) (3K (5) £fc£ (8) ©t>-rnipCIH«©^<*:©. 

(18) «W;i/*©M5Ifc^ Fatfc^ HNatfc^fcfcfc-ett&i:!^ 

(2 0) -b>^ KXCDmte?, NPiifc^, P/Ciifc^&cfctf Litfi^ ( 
=&a^E^(iI5I^^D^tE^W-r^«e^T-a^^nTV^T*. e tV^) SrlfefiftLhlcW 

(2 2) -fe>^-f«W;i/;* ©Mattel, F3tfe^, HNSfe^, NPjtfc?, P/Cfifi 

? * «t vl&b* (s-ate^ a: i5j^©£tt& * w r s ate^-c s& 2 nx v> t * «t v ^ 

(17) ~ (2 2) <D^-fftfrJc|3*££>7t3Es 
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(2 4) tt*#ffifLS"Tfc3£fc*«f»i:'rS (2 3) £ia^©^±> 

(2 5) lfc*itfJft«T*3 (2 3) £fS«®*§£. 

(2 6) a)(l)~(3K (5), (7) (8) ©^fft^CIBfi© 

H^Kl^SnSRNA* b < tt&RNA©cRNA, ££S£^RNA& b < tt&cRNA££-&fifc 

bo y h 

— y h 
y h 

©3#£<atr*«y K 

(27) a)(l)~(3K (5). (7) (8) ©l^ftfrfciBtt® 

m^C^^n-SRNA* b < f±g[RNA©cRNA. Sfcfcfc&RNAfc b < &ScRNA££-£rf& 

b) s£RNA£> b < ttScRNAOifcKfci&BfciMRi^ 3; U -5 3 ^ 

— y h 

c) (12) ~ (25) <D^-f ftfr{CaE«©?t£ 

(2 8) a)(l)~(3K (5), (7) tifcfcfc (8) ©V^1"iiipK:E«8© 

b) (12) ~ (25) ©^"fftfrfclffitt©^ 
©2 * K 

(2 9) a) (3) . (5) (8) ©Vvfn*»t:IB<R©ia^t:^Sns 

RNA * b < t± gRNA© cRNA. £ fc ii IgRNA & b < f± l£cRNA£ b -5 5 ^- - V h 

b)-b>^«i7>r ;i/^©np,p/c, LgaK©-r^Ts $fettas6as44^u^ 
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h 

"(30) a) (3) > (5) £fcfc* (8) ©V^ftfrfcf3*©titefrfc:^Sft3 
RNAfc U < (i^RNA£DcRNA, £ fc&l£RNA£) b < te^cRNA£££-£& 1^ 5^-'^ 

b) -te>^^^;u^©NP, p/c, L^eKot-^T, %tzten.m&nmz£.&f$.h 

c) (1 7) ~ (2 5) CD^mfr£iS«©!t£ 

(3 1) a) (3) . (5) (8) ©^1*ft*Pfc:ffi«©«^tt 

b) (17) ~ (25) <D^-?tlfrlZt2m.<Dfe£. 

(32) ?i±f*I(C. (2 6) aL),b)&&Zfc)lZt?,M(D3m*m\-rZ>Z\£lz£.V 
> (1)~(3), (5). (7) g-fcfcfc (8) ©^-rn^CZIBtii©^^^^ 
iff 

(3 3) (2 7) c)iztZM<Dfe£.ftlZ, (2 7) a)& J:tfb)Cc!2«cDijfm£a* 
AfS^ii^ctD, (1)~(3K (5), (7) gsfctt (8) <DU?titHZ 

(3 4) (2 8) a)izgafi©}*1§rtfc£> ( 2 8 ) b)tcg2»<D7£±t3^j££-tf-£ 

(3 5) (2 9) a),b)i3<tt>*c)(clB«cD3#$#A-rsc^C e t D 

, (3) s (5) £tzte (8) <DV^ftfr£iat£©Wi^#:£l£3it-&;7m 

(3 6) (3 0) c)lZ$m<Dm&Z s (30) a)^3 <tI>'b)CI3tg©f^#^#A 
•T-SClhtcJ:^, (3) , (5) £tzl± (8) <DV><Tftfrt::ia«om^te£S!^ 

(3 7) (3 1) a)^I3«©m^^s (3 1) b)C3fB«gO?t^(3^^-&^ 
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(38) Mfcffi M I" 3 itfe^ t?K& S fc li^tSfc U T V ^ CI "T 3 ■•( 9 

(3 9) M,F,HN Cffl^-rsate^-r^T^^fctt^tSflSbTVSSClfc*^ 

(9) CCiam^RNA. 
(40) a) ( 3 8 ) fci3«©RNA 

b) (2 0) £fBtt©*&£ 

c) (19) iztmom^ 

(4 1) (4 0) a)fcfB«©RHA£, (4 0) b)(z§att<D?i^{c#At- S CI tiz 
«tt)l|f,na^ (4 0) c)fci3tt©1&£fci62fe£*T»tt^£tt«^ 

(4 2) (4 1) ©#&fc«fcD»Ja3ftfc*^f*s 
(43) a) ( 3 9 ) {zg5«CDRNA 

b) (22) (ZlB«O^T£E 

c) (2 1) lzffl«©l&£ 

(4 4) (4 3) a)C;:IBf&<DRNA£, ( 4 3 ) b){zgB«©?&^t:«A"r 5 d i: tz 
i^^ftS^ifc^ (4 3) cJfciBiiOI&^tlRffe^-frTSEa^SHJBU 

(4 5) (4 4) ©#&C«fcD»$£3ftfc1fr&#* d3J:tJf 

(4 6) RNA^#ttRNA^^PMt-S^J^^tr. (4 2). (4 5) <D^T 

(47) (7) ia«©tt^#**&£-fc#Au sg^Lfc*M5t£* w^ksihi 
(4 8) ejf^KiM-rsatfi^cDa^N (7) iBttoa^ti^^ns 

RNA^^V^r^OUTV^a^H^^bT^STOT-fe?.. (4 7) fB»©# 
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(49) (7) im<DW.&te£m&zm\^ mmm$.tzi*mfcm*®$L-?z>z 

fc^rfS'W ;u*hl^©ia?U£&&bT^&ttni£&e>&^ 0 #$§38© (-). 
mRNA^-f jWC^Sil^^^ bT&. #J;Ltf;^ = ^ v£-T;i/*;fttf>(Pa 

ramyxoviridae)cD-fe >^"-Y >i'-<;i/^(Sendai virus). — o- — ti y T.frfatP-i JIX 
(Newcastle disease virus). 3stz& < iy^t> 4 )IX (Mumps virus). M&tt-ifr 
^(Measles virus). RS-j7 -f JIX (Respiratory syncytial virus). -Y 
(rinderpest virus). VT.y^y^—ti 4 )\s7* (distemper virus). #J]/ h 5. 9 V 
^-f ;i/^f4(0rthomyxoviridae)©-T >7;i/oi>if ii7^;i/^(Influenza virus) . 

K^-f ^^^(rhabdoviridaeJ^TK^tSnf*]^^^ (Vesicular S). S^t 
^<W;i/* (Rabies virus^fr'iMf £>;h,3o 
*t3ft£;&& (-) flRNA'W Ji-xb. bTli. ±IBtf)^-f ft frcD-W 

(-) ij|RNA^;i^{;£. fei:x.^^t4(3i3-^-r^aa^$:^rS^bbfei3 
. RNA©^¥^J¥^M^j¥^^«)i>^«)C. -gfl<D?i1E^£&^b£fc<DT-fc 

tzmRWkZ.<£0 J JVX(DcdM^m b tz & 0}%m%L^ft£fzl±Ml&ftX'&W J £ b 

&mtiizm£>2>'Pte< i^comm?tf s K&£fzi±^ftfc^T^zz.bti s i&m 

T-&3#. g^*^{3l3fc)?,se^ 1 ^^^fc{i ;: FrS<bbTv^T(i^?>^v^o £ 
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H to Sfcte^i***? A b fcDNA£f£l£mfi $ fc MH^t'glt b£> 5 CI £ IZ <fc t) 
WL&fcA ttins^i: bTSSMaT'&£ 0 NP, P/C, L£n- K-rsate 

T-^fflbi:*)«tv^o 

ffilt*^ fc*f^fi^*ib&v^©fr7?H^£>n5o -fe frX&Mizm 

e> rna/t {t^^bfe*)Oh^e>^ s&^#bu ?^&t£ t i '#^Mt& * * -r a # 

ttafi^S^A-rSo ^>**^ ^-Ol^RNAiC^TfeJu RllS^'J (5'-AGGGT 
CAAAGT-3') £:R2IE?iJ (5 5 -G T A AG AA A A A-3' ) £(DWz, 6 ©fg$t 
(Di&MWL%%t : hM& i }%:ffiXT2>Z\£&M%. b^ (Journal of Virology, Vol. 67 
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, No. 8,(1 993 )p. 4822-4830) 0 *S»*JfAl/fe^*tt*e?©«ail±x Slte^ 

fcTStt^fc: 5k ^CiotlHl 

£$gglLT^3«j StihUtffll^lf, flM0»J IZ&S* Steffi© 

( + ) IIRNA^J3aP^T'S¥^n^(5o^^^fi5c:^^^^C 
#$&tyi#C«ko"C5iS<*ftfco dft&^ftWt^tO (-) imna^i-;u^ 
W«fiSCfc/r7f£5fcfcilE6&oa^ (-) &RNA»W;i/*S*fifcJ;:&UT*> 

•CifctK ^CDCIh(3«fc S^Jh-ra (-) tHRNA-W^*^**-© 

#J6lfiC*tfS rRNACD^PflS^Jj tUli, ENA«#ttRNA««*iaS-r*lll 
fflt-fetlH!, V^&SfcCDTfcjSffl^t&T&Si^ #<J;ti£> 'J^CU> (Ribavi 
rin) , TJ13025^*f5iK:ffll>e>nSo frfr ZtiLW&mffltti* Mz.\£, MmftX' 
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u i mfc^&Km u -t > trj t> 4 x cdna^p e> #3giyi t# * *i a 

m 2 (ipUC18/T7( + )HVJRz . MkCDMl& £ ^ -Till T & £ o 
EI 3 tepUC18/T7( - )HVJRz . DNA©^ £ ^ 1" HI T & 3 o 

HI 4 {iCV-l»-v©SeVgpl20CD^^(DBtF^ £HAU<ZMi;£t>*gpl20<D^M i: © 
Hi££^-flHT-£>So 

[H»!l 1 ] -fc>^f ^^;t/^^^J._ hpUC18/T7(-)HVJRz.DNA& t fcm>UCl 
8/T7( + )HVJRz.DNAcD^M 

T7 7D?-^- (-)|iRNA^¥^n§«to(Z|Sit$nfc-fe>^V ^-f^^c 
DNA, 'J#1f-f Ajte^^dOJliC^-T^DNA^. pUC18r^ ^ ^ h* (Cjf A bfeT* 
7*5. h'pUC18/T7(-)HVJRz.DNA£^Mb£o £fcs T7 7Df-^-, ( + )|gRNA# 

^^■T^DNA^s pUC18T^^^ KCCjiAbfer^^^ KpUC18/T7( + )HVJRz.DNA 
*itm. b £ o pUC18/T7( - )HVJRz . DNA£ «fc WJC18/T7( + )HVJRz . DNA©^^ £HI 2 & 
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«fcVEI3fc:^bfco 

[hjs^j 2 ] cmktp^^±>_^£^jjizEM^MM 

.m&Gcm(D77X*v Pis^ — lslzmnV) b U r$/>&3I£JlSbfcLLC-MK2«i 
fla&2, 000, OOOiH ilMEMJ$ife(MEM +FBS 10%) 2ml£:£«]U CO? 5%, 37°C©2M* 
TT-24H#Ba*S«bfco DRfc*N lml©PBS££H>T$:#Lfcm> ^fifS 

(moi/multiplicity of infection) ifi 2 i: ft 5 «t -5 iZHHS^bfc, T7^U^ 
^ _-tf ^^g^f 5 «7 * 5 1 - 7" t> J JVX VTF7-3 £ 0. lml CDPBSfcSi® b fc & © 

b o 15#S£ £ -f ;i^7£#:££Mz ^ £ t) «fc -5 t -> -fr — u e> bs 
miB©jR»!*ff ofco «W;i/*?gf££ISft*U lmlOPBSSfflV^TSfei^bfco 
i/t-l/C cDNA»«[S$tr««lS«Si&nbfc« cDNA$g*££^trJgtfe©ftSmx W 

. pGEM-L, pGEM-P/C, pGEM-NP £^tr) £ 1 . 5ml <W > :T 'J >^jl — ^{z h 
HBS(Hepes buffered saline; 20mM Hepes pH7.4, 150mM NaCI )£*nx.T&tM£0. 
lmlCbfco 3t*CD (-)£fcti( + )cDNA(±, 7*7.^ ^ KpUC18/T7(-)HVJRz.DNA3; fc. 
lipUC18/T7(OHVJRz.DNA*©fc©£5jsU /CteJf /LteffcraifftMluKC 

.j; t)S^bbfc^t3«oiiiat33iAbri>sdi:s^-ro 

•ffeT^ ^U^^U>^J--^©ft 3 T% HBS 0.07ml, D0TAP(^- U >iJ--?>^ 
4 AttSBO0.03ml£SS^U MSiS 30* 'J 7f 1/ >f Lt« Z.(D 

tit\ io^»sbfco cmc, mmmmm (2mi mem +fbs 10%) s»arabfc« 

g <b£.Z.<D 7 9 3- — TV 4 2> 'J7 7>f>» (Rifampicin 

) his hi/>75\Z J is h* C (Cytosin arabinoside C/Ara C) SillMA 5 ^ 
ft^ft0.1mg/ml, 0.04mg/ml£&£ £?C»]b7co iftCfctK cDNA$g«&^*r 

^fl^T^i* — l/f*3©jfflaa£ A 4 xy^> h*;i/7^a- ^lz3£ b6000rpnu 



WO 97/16538 



22 



PCT/JP96/03068 



»©— SB**© $>£^&#IRbT 1 0 Btt©#6T!»WCJgttbfco 

i©|fflia*SS(51*t^l/fc^lS»fcft*«t-5t : PBST?#RU 0.5ml &Mb>» 

HIlRUfc^'f ^^?ft©HAU (hemmaglutinin unit)h, PFU(plaque forming uni 

MJ©afl£&WT©£-5fcfTfcofco gS©lfilM£> 400x g,10#R33S'fr U ±fg 
^Jftfco ^5£fcJ8£s fcfcj8©100{gfi©PBS(-)-effii«U ?>(c400x g, 

m*ft$iistzo e;-r;i/^*«[*ei^#3RiS^«t ^©o.osmi 

0.05«iro©lfil#igtt£«'i£U g<Sil^^t<t<SW^ 4°CT-40^Eb 
fco *©&> ^JfilJ*©SJII£fllfi-C«JfcU IlUfc*)©®?^ &-d£&^ 
;i/^^^©^^^©iSv^©©#fR^Sr. HAU<h l/t^lfco 
PFU©«i]£ttWT©«fc-3£fT&ofco cv-i«^^ e^^^t-ru-M 

£ J: DlOfg^oC^bfe^-r^^^O.lml-r^^^ix^n©*^^-^ — 
xMEMh2%«^£55°CT-?l^l§r;b-y\ <* & C:g**iiJ£0.0075mg/mli:fc £ <fc O h 

m^i-f-D^^ti^tKDtui^-^-y^—b^^^Mzmx, 5%C0 2 ^rFT*37 

"C3BHI«iabfco 0.2ml©0.1%7iy-;i/lx s; K£in£. 37°C 3R#fl^ iSbfc 
IfcDRftl^fcc fe©^VNT^^^7*5 — ^©g$t£gtx.. >i7^;i/^©^fiffi^PFU/ 
ml£bTMb£o 
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3>n$F^ mwizmm^tzmmik, hau, pfu s-tn^n^ufc.- 



ISSScDNA 




pGEM- 
Uug) 


pObM- 
P/C(ug) 


pObM- 
NP(ug) 




8DB& 


HAU 


PFU 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00X10 5 


512 


2X10 9 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00X 10 5 


256. 


9X10 8 


(+)cDNA/C 


10 


4 


2 


4 


40 


K00X10 6 


256 


9X10 8 


(+)cDNA/L 


10 


4 


2 


4 


40 


1.00X10 5 


<2 


<10 


(+)cDNA/L 


10 


4 


2 


4 


40 


1.00X 10 5 


<2 


<10 


(+)cDNA/L 


10 


4 


2 


4 


40 


1.00X10 6 


<2 


<10 


(-)cDNA/L 


10 


4 


2 


4 


40 


1.00X10 4 


<2 


<I0 


(OcDNA/L 


10 


4 


2 


4 


40 


1.00X10 5 


<2 


<10 


(-)cDNA/L 


10 


4 


2 


4 


40 


1.00X10 6 


<2 


<10 


(-)cDNA/C 


10 


4 


2 


4 


40 


1.00X10 4 


<2 


<10 


(-)cDNA/C 


10 


4 


2 


4 


40 


1.00X10 5 


<2 


<10 


(-)cDNA/C 


10 


4 


2 


4 


40 


I.OOX 10 6 


4 


8X10 3 



60%©->3lS?Bfii3i25S^-e«iaSU, 12.5%SDS-PAGETS£lKfc#iSlSbfci:z:3 

O to 

^f^tlfcc (+)$I^^i:-r-5cDNA^«F < 3C^AUfci:§Ctt, (-)»£*s 

^-r £ cdna^^a b 1 1* izit^x t> 4 )\>7M.=s-m)& «t < n s c ^ # 
-otzo ■%mz.m.mm2 tmffix*$>z&, mMM2x*&cdMz.£&iz, p gem-l, pg 
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EM-P/C, pGEM-NP©3^fciMIISrt£#ALfc©fc:2*U pGEM-L, pGE 

M-P/C, pGEM-NPGD? *>©ffit£> 2 fcfcfc— %©2*£cDNAi:'i: 4, 

i&g&@^<DcDNA-£&£>pGEM-L. pGEM-P/C:fc<fct>*pGEM-NP©fi. ^>^ra^-i/3 

>Hffiik aiPKifigfflLfcaDiia^ hau, pfu s^n^n^ufcc 



SfJBcDNA 


tug) 


pGHM-L 


pGEM-P/C 


pGEM-NP 




Am Mi «W» 


WAT 1 




(+)cDNA/C 


10 


4 


2 


4 


40 


l.OOX 10 5 


256 


6X IO 8 


(+)cDNA/C 


*I0 


4 


2 


4 


40 


l.OOX 10 6 


512 


4X IO 9 


(+)cDNA/C 


10 


0 


2 


4 


40 


l.OOX 10 6 


<2 


<10 


(+)cDNA/C 


10 


0 


2 


4 


40 


l.OOX 10 6 


<2 


<10 


(+)cDNA/C 


10 


4 


0 


4 


40 


l.OOX 10 6 


<2 


<I0 


(+)cDNA/C 


10 


4 


0 


4 


40 


l.OOX 10 6 


<2 


<10 


(+)cDNA/C 


10 


4 


2 


0 


40 


l.OOX 10 6 


<2 


<10 


(+)cDNA/C 


10 


4 


2 


0 


40 


l.OOX io 6 


<: 


<10 


(+)cDNA/C 


10 


0 


0 


4 


40 


l.OOX |0 6 


<2 


<10 


(+)cDNA/C 


10 


0 


0 


4 


40 


l.OOX |0 6 


<2 


<10 


(+)cDNA/C 


10 


0 


2 


0 


40 


l.OOX io 6 


<2 


<I0 


(+)cDNA/C 


10 


0 


2 


0 


40 


l.OOX 10 6 


<2 


<10 


(+)cDNA/C 


10 


4 


0 


0 


40 


1.00X10 6 


<2 


<10 


(+)cDNA/C 


10 


4 


0 


0 


40 


l.OOX 10 6 


<2 


<10 
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\_mMm 4 ] in vitroil5¥RNAfr^<Z)-t>>^ 2JJls2EM&MM 

fccDNAfcin vitroT*^S¥ "r&fc>*>vRNA &«fct>* cRNAT* % mfiHDZ h1$ 

-te>^ i)-f;i/7ls?i-f hpUC18/T7(-)HVJRz.DNA^«tt>'pUC18/T7( + )HVJRz 
..DNA*ffeiJISB#38MluIt-i£^JKCbfc^ cn^if fllST7*U*7 
— -tz"( EPICENTRE TECHNOLOGIES: Ampliscribe T7 Transcription Kit)tC«fc£in v 
itro RNA^S^ofco in vitro RNAiir/^CDT? ^ bco^D h=j;blc^ofe 
o ClC-e^^^fcRNAM^I^s HJfiW 2 ©cDNAflDftto tfflv^ ^©lUSfe^fTV^ 



£?S!!cDNA 


(iig) 


pGEM-L(ug) 


pGEM-P/C(ug) 


pGEM-NP(us) 


#4&8SRg (B#) 




HAU 


PFU 


in vitro(-)RNA 


10 


4 


2 


4 


40 


1.00E+06 


512 


2X10 9 


in vitro(-)RNA 


10 


4 


2 


4 


40 


1.00E+06 


512 


ND 


in vitro(+)RNA 


10 


4 


2 


4 


40 


1.00E+06 


2 


5X 10 3 


in viiro(+)RNA 


10 


4 


2 


4 


40 


I.00E+06 


<2 


ND 



£®*£^«fc!K if*>e>®-fe >^©RNA^«P^CC2ffAUT^> ^-f^S^ 

(1) (HIV-l g P 1205t^T-) ##A2nfc*>*W ^^l'*^** 

- r p SeVgpl20j (DmW: 

r ^ j a (5' -TGCGGCCGCCGTACGGTGGCAATGAGTGAAGGAGAAGT-3' ) 
: 1) &tFT^v-d (5' -TTGCGGCCGCGATGAACTTTCACCCTAAGTTTTTVTTACTACGGC 
GTACGTCATCTTTTTTCTCTCTGC-3' ) (iH5U« : 2) r p NI432j ±©HIV-1 
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fbU dftfcNotlT-iB'ffclbfc l" p SeV18 + j (C^AUfcio &l^T% CLtl^E.ColiC^ 
KfelfeU E.ColiCD^D-— CDDNAS r Miniprepj iST-rttbU Dralll^b^S 
3tffctt£fTV^ &l&£ftfcDNA©"5-fc*?A£J; DJ8^£ft3*££©DNAB?TK-£^ 

T, d©&§t£^n->£: r^n->9j h*ft-f£) o gft©mSIE?'J-e& 

fcft^ gpl20©fipA£nfcpSeV18 + £ r p SeVgpl20j fcfttS. 
(2) pSeVgpl20S^-TS-b (SeVgpl20) ©^gJE£;&t>*gpl20© 

LLCMK2«BBatzpGEM NP, P,LCDffeC £ & Cc P SeVgpl20£^A bfc£l*M±. ^W'J 
2i:P«©^ffiT", «WS8WP©LJ:-5^ffl[SlBliRU HAU©$J^&tfgpl203ggi© 
ttW (EL ISA) ^tfofeo HAU©80j£fcju HM^J 2 fcra»©#ffi-Cfro tzo 

fe96^^;i/7*U- h£100Ad©§£#4£«&2inU 37°CT-60#SJfc£-efco PBST'^f 
100Ail©HEP3rg-&JfEHIV-lla<*:S»JPU 37°Cr-60^SJCB^"B-fco CinSrPBST- 
tffcrf^ r h7^f;i/^>fy>^»U HRPrSt4-e4EJfe^ilSSJS^J55c^©ffl: 
^i?t4^T> 450nmCDP^JgT-^i±i-rSCli:{C«t Dgpl20©^g^S&iRy^bfco 

ff6ftfc!)'f^«li, CV-iaej3S(3^$-&. lRl«©tfcS*£fTofco cv 

PBS(-)-e&#u jssfe^MiQ-ts-ob^ss&aanu M^iisisiiB&s^fc 

o ^;b*$E£f£TPBS(-)T*&#U plainMEMigift (MEMJgitCJn^KAraCRi 
fMh'J7 , '>>Sttbfc*©) »LT> 37°C-e48l$fig£jiS£-&fco 
> %J6*|1IIRU *HAU©«I^ (H»'J2 i:[5l#(Z)^) S^gpl20^^©t^St (EL 
ISA) ^ofeo C©|g^**4**fc:^'r- CV-im©*£#±fi£lfJ^g 
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m (el isa) sem^^4^{c^-r 0 

a 4 

(Hg/ml) 





CV-! J£Jft(Pl) 




gp!20(HAU) 


epI2U(HAU) 


g pI20(llAU) 


0.10( 4) 


3.46(128) 




0.15(32) 


1.81(128) 


136,1.21(512,512) 


| 0.05(32) 


2.20(128) 





£6>Cn gpl20©«&*£^**>rn5W >^i££«fc?>P*rUfc« SeVgpl20& 
iS3fe$^fcCV-liMiia©t&il!i*20,000rpm-einO®jS^b. * 
<D±rS£TCA (10%(v/vK zK±T-15#) $ fc (iT*70%^^ y (-20°C) t"M 
U 15,000rpnrC"15#3I<l>U tt&VtzW&m* r SDS-PAGE Sample buffer j (US 
h^L90 o CT-3£\KJfo£-fe!\ 10%T^ U;u;p ^ K ^;i/±T'SDS-^ U TO 
VKTX WHlfuM/J (SDS-PAGE) ^fr-^o b%W&. SfiK^PVDFM (!£- 
<fb^) t:g?U =£J >?u±— ;i/m^902^^T-lP#P^S^^-fr^o &^T-> T- 
TBST-&#U trumlgG (TV^A*±) ^^T-ID^P^^^^ T-TBST'^Ufe 
o HRP^^n^^>A (7Ti/tAt) £M?&T-lP$P^J&£i2\ T-TBS 

T-ft#b£o Z.ft\ZA->7UU-l-j-7 h— ;i/ (4CNPlus) (Sff-fl:^) 
gpl20£$£i}b£o dO*^ ^*S£nSgpl20©^£<D{iffi£^> K^tB^ 

£ £ CV-l«^©SeVgpl2O©^l£f£©0^ hHAUO{fi^t>'gpl20CD%-Ei» £ 
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^SJglOT-SeVgpl20^^^i±s ^0&3O,43, 53,700^ g £lml©*gifc£[H]l& U 
„ ^icDrrfi|iS^ilM^bT> HAU©«95£. gpl20S&m©tfe§* (ELISA) .^i^i 
**>:7n^>r V^'^tf ofco Cl©^m%l2 4lC^-ro 12 4 2? "bBJi'b 

[HJte^"J6] M^MMIIM^ &i2 5 SeVCTl20<PiBM&t5gpl20<P3g^<Pfl?flf 
JlcDf&int (ELISA) rfr-^tc Z-Om^ZmSlz^To 







H A U 


rgpl2t) ( n g/ml) § 


CV-1 


96 


32 


2.5 


LLCMK2 


48 


16 


0.5 


CHO 


55 


4 


0.46 


NIH3T3 


AS 


4 


0.25 


MT4 


24 


16 


0.8 I 


MOLT4' 


24 


16 


1.2 



^^-#Affl©;^7i7- tfjgfc^£M£-f 7"^^- (5'-AAG 

CGGCCGCCAAAGTTCACGATGGAAGAC-3' ( 30mer ) ) (IE3W§- : 3) St>*^^v— (5 
' -TGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGATTATTACAATTTGGACTTTCCGCCC- 
3'(69mer)) (IE#J#^ : 4) aSfcbT r p HvluciRT4j SrffiMT. 
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glbfe, ^SWW©b-J:-5SM^DlSlDs #PBS(-)T-2[hI&^U ^ lysis buf 
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lESW-t : i 
mVXD&£ : 3 8 

mow. : 

Rmcomm footed ^dna 

TGCGGCCGCC GTACGGTGGC AATGAGTGAA GGAGAAGT 38 

: 2 

1B?|J©:R£ : 6 9 

mm&w. : 

: -#lit 

TTGCGGCCGC GATGAACTTT CACCCTAAGT TTTTVTTACT ACGGCGTACG TCATCTTTTT 60 
TCTCTCTGC 69 

3 

mWCD&Z : 3 0 

mam. : 

mwomm ■. wxdw^. ^dna 
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AAGCGGCCGC CAAAGTTCAC GATGGAAGAC 30 

wwm^ 4 

K*U©fi£ : 6 9 

mzww. : mm. 
mom : -*m 
h#D y- mm** 

TGCGGCCGCG ATGAACTTTC ACCCTAAGTT TTTCTTACTA CGGATTATTA CAATTTGGAC 60 
TTTCCGCCC 69 
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NEGATIVE STRAND RNA VIRAL VECTOR HAVING 

AUTONOMOUS REPLICATION CAPABILITY 

Field of the Invention 

The present invention relates to a viral vector for the gene therapy. More 
specifically, this invention relates to a negative strand RNA viral vector. 

Background of the Invention 

As to the gene therapy for humans and animals, therapeutic effectiveness and safety 
are very important factors. Especially, therapy performed by using "viral vector" 
expressing a foreign gene of concern which is obtained by gene recombination of the viral 
genome and the foreign gene needs to be very cautiously carried out, when such undeniable 
possibilities exist as that the recombinant virus may be inserted to unspecified sites of 
chromosomal DNA, that the recombinant virus and pathogenic virus may be released to the 
natural environment, and that the expression level of gene transfected into cells cannot be 
controlled, or the like, even though its therapeutic effectiveness is recognized. 

These days, a great number of gene therapies using recombinant viruses are 
performed, and many clinical protocols of gene therapy are proposed. Characteristics of 
these recombinant viral vectors largely depend on those of the viruses from which said 
vectors are derived. 

The basic principle of viral vector is a method for transferring the desired gene into 
targeted cells by utilizing the viral infectivity. By "infectivity" in this specification is 
meant the "capability of a virus to transfer its nucleic acid, etc. into cells through its 
adhesiveness to cells and penetrating capability into cells via various mechanisms including 
fusion of the viral membrane and host cellular membrane". With the surface of 
recombinant viral vectors genetically manipulated to insert a desired gene are associated the 
nucleocapsid and envelope proteins, etc. which are derived from the parental virus and 
confer infectivity on the recombinant virus. These proteins enable the transfer of the 
enclosed recombinant gene into cells. Such recombinant viral vectors can be used for the 
purpose of not only gene therapy, but also production of cells expressing a desired gene 
as well as transgenic animals. 

Viral vectors are classified into three classes comprising the retroviral vector, DNA 
viral vector and RNA viral vector. 

These days, the vectors most frequently used in gene therapy are retroviral vectors 
derived from retroviruses. Retroviruses replicate through the following processes. First, 
upon penetration into cells, they generate complementary DNAs (cDNAs) using their own 
reverse transcriptase as at least part of catalysts and their own RNA templates. After 
several steps, said cDNAs are incorporated into host chromosomal DNAs, becoming the 
proviruses. Proviruses are transcribed by the DNA-dependent RNA polymerase derived 
from the host, generating viral RNAs, which is packaged by the gene products (proteins) 
translated from the RNAs. The RNAs and proteins finally assemble to form mature virus 
particles. 

In general, retroviral vectors used in gene therapy, etc. are capable of carrying out 
processes up to provirus generation. However, they are deficient viruses deprived of 
genes necessary for their packaging of the progeny genome RNA so that they do not form 
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viral particles from provirus. Retroviruses are exemplified by, for example, mouse 
leukemia virus, feline leukemia virus, baboon type C oncovirus, human immunodeficiency 
virus, adult T cell leukemia virus, etc. Furthermore, recombinant retroviral vectors 
hitherto reported include those derived from mouse leukemia virus [see Virology, 65, 1202 
(1991), Biotechniques, 9, 980 (1989), Nucleic Acids Research, 18, 3587 (1990), Molecular 
and Cellular Biology, 7, 887 (1987), Proceedings of National Academy of Sciences of 
United States of America, 90, 3539 (1993), Proceedings of National Academy of Sciences 
of United States of America, 86, 3519 (1989), etc.] and those derived from human 
immunodeficiency virus [see Journal of Clinical Investigation, 88, 1043 (1991)], etc. 

Retroviral vectors are produced aiming at efficiently inserting a desired specific DNA 
into the cellular chromosomal DNA. However, since the insertion position of the DNA is 
unpredictable, there is undeniable possibilities such as the damage of normal genes, 
activation of oncogene and excessive or suppressive expression of desired gene, depending 
the position of insertion. In order to solve these problems, a transient expression system 
using DNA viral vectors which can be used as extrachromosomal genes has been 
developed. 

DNA viral vectors are derived from DNA viruses, having DNA as genetic 
information within viral particles. Replication of said DNA is carried out by repeating the 
process of generating complementary DNA strand using DNA-dependent DNA replicase 
derived from host as at least one of catalysts with its own DNA as template. The actual 
gene therapy using adenoviral vector, a DNA viral vector usable as extrachromosomal gene, 
is exemplified by the article in [Nature Genetics, 3, 1-2 (1993)]. However, since, in the 
case of DNA viral vectors, the occurrence of their undesirable recombination with 
chromosomal DNA within nucleus is also highly possible, they should be very carefully 
applied as vectors for gene therapy. 

Recently, RNA viral vectors based on RNA viruses have been developed as 
conceivably more safer vectors than DNA and retroviral vectors described above. RNA 
viruses replicate by repeating the processes for generating complementary strands using 
their own RNA-dependent RNA replicase as the catalyst with their own RNA as template. 

The genome RNA of positive strand RNA viruses have dual functions as the 
messenger RNA (hereafter simply called mRNA), which generate proteins, depending on 
the translational functions of host cells, necessary for the replication and viral particle 
formation and as the template for genome replication. In other words, the genome RNA 
itself of positive strand RNA viruses has a disseminative capability. In the present 
specification, by "disseminative capability" is meant "the capability to form infectious 
particles or their equivalent complexes and disseminate them to other cells following the 
transfer of nucleic acid into host cells by infection or artificial techniques and the 
intracellular replication of said nucleic acid". Sindbis virus classified to positive strand 
RNA viruses and Sendai virus classified to negative strand RNA viruses have both 
infectivity and disseminative capability. Adeno-satellite virus classified in Parboviruses is 
infectious but not disseminative (mixed infection with adenovirus is required for the 
formation of viral particles.). Furthermore, the positive strand RNA derived from Sindbis 
virus which is artificially transcribed in vitro is disseminative (forming infectious viral 
particles when transfected into cells), but neither positive nor negative RNA strands of 
Sendai virus artificially transcribed in vitro is disseminative, generating no infectious viral 
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particles when transfected into cells. 

In view of the advantage that the genome RNA functions as mRNA at the same time, 
the development of RNA viral vectors derived from positive strand RNA viruses preceded 
[see Bio/Technology, 11, 916-920 (1993), Nucleic Acids Research, 23, 1495-1501 (1995), 
Human Gene Therapy, 6, 1 161-1 167 (1995), Methods in Cell Biology, 43, 43-53 (1994), 
Methods in Cell Biology, 43, 55-78 (1994)]. For example, RNA viral vectors derived 
from Semliki forest virus (SFV) [Bio/Technology, 11, 916-920 (1993)] and Sindbis virus 
are basically of the RNA structure wherein the structural protein gene regions related to the 
viral structure are deleted, and a group of genes encoding proteins necessary for viral 
transcription and replication are retained with a desired foreign gene being linked 
downstream of the transcription promotor. Direct transfer of such recombinant RNA or 
cDNA which can transcribe said RNA [Nucleic Acids Research, 23, 1495-1501 (1995)] 
into cells by microinjection, etc. allows autonomous replication of RNA vectors containing 
the foreign gene, and the transcription of foreign gene inserted downstream of the 
transcription promotor, resulting in the expression of the desired products from the foreign 
gene within cells. Furthermore, the present inventors succeeded in forming an infectious 
but not disseminative complex by the co-presence of cDNA unit (helper) for expressing the 
viral structural gene and that for expressing said RNA vector in the packaging cells. 

Positive strand RNA viral vectors are expected to be useful as RNA vectors with 
autonomous replicating capability, but their use as vectors for gene therapy poses the 
following problems. 

1 . Since they are of the icosohedral structure, the size of foreign gene allowed to be 
inserted is limited to 3,700 nucleotides at most. 

2. Until nucleic acids are released from the packaged complex into the cell and 
replicated, as many as five processes are required, including cellular adhesion, endocytosis, 
membrane fusion, decapsidation and translation of replication enzymes. 

3. A possible formation of disseminative viral particles even in a minute quantity 
during packaging cannot be denied. Especially, even with attenuated viral particles, the 
inside RNA itself has disseminative potency and may belatedly be amplified, making it 
difficult to check. 

4. Since these vectors are derived from viruses transmitted to animals by insects such 
as mosquitoes, when animals and humans to which such vector genes are transferred and 
are mix-infected with wild type viruses, disseminative recombinants may be formed, 
possibly further creating a risk of said recombinants being scattered to the natural 
environment by insects. 

Such problems described above are conceived to be basically overcome if RNA viral 
vectors derived from negative strand RNA viruses are constructed. That is, since negative 
strand RNA viruses do not have the capsid of icosohedral structure but have a helical 
nucleocapsid, and also since the envelope size of particles is known to vary depending on 
the inside RNA content, they are supposed to be much less restricted, compared with 
positive strand RNA viruses, with respect to the size of foreign genes to be inserted when 
used as RNA viral vectors. Further, since a group of proteins required for transcription 
and replication are packaged into particles, only two processes are required, including 
cellular adhesion and membrane fusion, until nucleic acids are replicated. Furthermore, 
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viral RNA alone is not disseminative. In addition, most of negative strand RNA viruses 
are not transmitted by insects. 

In spite of many advantages of negative strand RNA viruses which may be used as 
the source of industrially useful viral vectors, no negative strand RNA vectors applicable 
for gene therapy has become available until now. This is probably due to tremendous 
difficulties in re-constituting viral particles via viral cDNA. Since the gene manipulation 
on the DNA level is required to insert foreign genes into vectors, so far as viral particles are 
not reconstructed from viral cDNA with a foreign gene inserted, it is difficult to use 
negative strand RNA viruses as a vector. "Reconstruction of viral particles" refers to the 
formation of the original virus or a recombinant virus in vitro or intracellularly from 
artificially prepared cDNA encoding the viral RNA genome. 

As described above, it has been clearly demonstrated that, even if the viral RNA 
(vRNA) of negative strand RNA viruses or its complementary strand RNA (cRNA; 
complementary RNA) alone is transferred into cells, no progeny virus can be generated. 
This is a definitely different point from the case of positive strand RNA viruses, whose 
RNA can initiate viral life cycle and generate progeny viruses, when transferred into cells. 
Although, in JP-A-Hei 4-21 1377, "methods for preparing cDNA corresponding to a 
nonsegmented negative strand RNA viral genome and infectious negative strand RNA 
virus" are described for measles virus, a paramyxovirus, the entire experiments of said 
document described in "EMBO. J., 9, 379-384 (1990)" were later proved to be not 
reproducible, so that the authors themselves had to withdrew all the article contents [ref. 
EMBO. J., 10, 3558 (1991)]. Therefore, it is obvious that techniques described in 
JP-A-Hei 4-21 1377 for another paramyxovirus, Sendai virus, do not correspond to the 
related art of the present invention. 

With regard to the reconstitution system for negative strand RNA viruses, there are 
reports on influenza virus [Annu. Rev. Microbiol., 47, 765-790 (1993); Curr. Opin. Genet. 
Dev., 2, 77-81 (1992)]. Influenza virus is an eight-segmented negative strand RNA virus. 
According to these literatures, a foreign gene was first inserted to a cDNA corresponding to 
one of said segments, and the RNA transcribed from the cDNAs is assembled with the 
virus-derived NP protein and RNA polymerase proteins to form an RNP. Then, cells are 
transfected with this RNP and superinfected with an appropriate intact influenza virus. A 
reassortant virus emerges, in which the corresponding segment is replaced with the 
engineered segment, which can be selected under apporopriate pressures. Several years 
later, virus-reconstitution entirely from cDNA of nonsegmented negative strand RNA virus 
was reported with rabies virus belonging to rhabdoviruses [EMBO J. 13, 4195-4202 
(1994)]. 

However, it has been difficult to use these virus reconstitution techniques as such for 
constructing vectors for gene therapy because of the following problems. 

1. Reconstituted viruses were identified only by the expression of marker gene, 
RT-PCR, etc. No reconstitution system for the production of vector viruses in a 
satisfactory yield has been established. 

2. Differing from the case of positive strand RNA viruses, in order to form complexes 
with infectivity but deficient in disseminative potency as vectors for gene therapy, it is 
necessary to enclose factors required for primary transcription and replication within the 
complex. No technique for amplifying these complexes in a large scale has been 
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established. 

3. For the purpose of intracellularly providing factors necessary for viral 
reconstitution, cells to which cDNAs are introduced are mix-infected with helper viruses 
such as recombinant vaccinia virus, etc. to allow transcription of the plasmids supplying 
those viral protein factors in trans. It is not easy to separate these natural type viruses 
from the recomstituted viruses. 

Furthermore, as one problem with regard to RNA viral vectors in general, it is 
conceivably necessary to beforehand provide inhibitors for replication of RNA viral vectors 
which have no effects on host's replication and transcription, providing for the case where 
RNA replicated and transcribed in large amounts exerts undesirable effects on treated 
humans and animals. However, no such inhibitors have been developed. 

Summary of the Invention 

Objects of the present invention are to develop negative strand RNA viral vectors for 
practical use, methods for efficiently preparing said vectors, and inhibitors for the 
replication of said vectors. 

The present inventors first attempted to reconstitute Sendai virus from nucleic acids 
of said virus which is a typical nonsegmented, negative strand RNA virus, and conceived to 
be industrially most usefiil as a vector from the viewpoints of safety and convenience. 
First, in order to apply to the reconstitution test, various investigations were performed 
using cDNA encoding a Sendai virus minigenome as experimental materials. A cDNA 
plasmid was constructed so that the Sendai virus protein coding region of about 14 kb is 
replaced with a reporter luciferase gene and this construct is flanked by T7 promoter and 
hepatitis delta virus ribozyme gene. As a result, the inventors found efficient conditions 
regarding weight ratios among materials to be transferred into host cells, including 
minigenome cDNA, cDNAs encoding the nucleocapsid protein (N), the large protein (L), 
and the phosphoprotein (P), and minimizing cytotoxicity induced by the recombinant 
vaccinia virus to provide the T7RNA polymerase. The N protein encapsidate the naked 
viral RNA to form the RNP, which is now active as the template for both viral mRNA 
synthesis and viral replication. Furthermore, the present inventors obtained full-length 
cDNAs corresponding to both positive and negative strands, constructed plasmids for 
inducing the intracellular biosynthesis of either positive strand RNA (antigenome or cRNA) 
or negative strand RNA (genome or vRNA) of Sendai virus, and transferred said plasmids 
into host cells wherein N, P, and L proteins from the respective cotransfected plasmids 
were expressed. As a result, the inventors first succeeded in re-constructing Sendai virus 
particles from cDNAs derived thereof. 

That is, the present invention comprises the followings. 

1. A complex comprising an RNA molecule derived from a specific disseminative 
negative strand RNA virus and viral structural components containing no nucleic acids, 
having the infectivity and autonomous RNA replicating capability, but deficient in the 
disseminative capability. 

2. The complex of description 1, wherein said specific RNA virus is a negative strand 
RNA virus having non-segmented genome. 

3. The complex of description 2, wherein said specific RNA virus is Sendai virus. 
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4. An RNA molecule comprising Sendai viral RNA (vRNA) or its complementary 
RNA (cRNA), wherein said RNA molecule is defective in that at least one or more than one 
gene coding for each of the M, F and HN proteins are deleted or inactivated. 

5. A complex comprising the RNA of description 4 and viral structural components 
containing no nucleic acids derived from Sendai virus, having the infectivity and 
autonomous RNA replicating capability, but deficient in the disseminative capability. 

6. A DNA molecule comprising a template DNA transcribable to the RNA molecule 
of description 4 in vitro or intracellularly. 

7. The complex of any one of descriptions 1-3 or 5, wherein the RNA molecule 
contained in said complex comprises a foreign gene. 

8. The complex of descriptions 3 or 5 5 wherein the RNA molecule contained in said 
complex comprises a foreign gene. 

9. The RNA molecule of description 4 comprising a foreign gene. 

10. The DNA molecule of description 6 comprising a foreign gene. 

1 1 . An inhibitor for RNA replication contained in the complex of any one of 
descriptions 1-3, 5, 7 or 8 comprising an inhibitory drug for the RNA-dependent RNA 
replication. 

12. A host whereto the complex of any one of descriptions 1-3, 5, 7 or 8 can 
disseminate. 

13. The host of description 12 comprising a group of genes related to the infectivity 
of the complex of any one of descriptions 1-3, 5, 7 or 8 on its chromosomes, and capable of 
replicating the same copies of said complex when infected with it. 

14. The host of descriptions 12 or 13, wherein said host is animals, or cells, tissues, or 
embryonated eggs derived from it. 

15. The host of description 14 wherein said animal is mammalian. 

16. The host of description 14 wherein said animal is avian. 

17. A host comprising a group of genes related to the infectivity of the complex of 
any one of descriptions 3, 5 or 8 on its chromosomes, and capable of replicating the same 
copies of said complex when infected with it. 

1 8. A host comprising at least more than one gene of the M, F and HN genes of 
Sendai virus or genes having functions equivalent to them on its chromosomes. 

19. A host comprising the M, F, or HN gene of Sendai virus or each of their 
functionally equivalent genes on its chromosomes. 

20. A host comprising the M, NP, P and L genes of Sendai virus on its chromosomes 
(wherein each gene may be substituted with its functionally equivalent gene, respectively). 

21 . A host comprising the M, F and HN genes of Sendai virus on its chromosomes 
(wherein each gene may be substituted with its functionally equivalent gene, respectively). 

22. A host comprising the M, F, HN, NP, P and L genes of Sendai virus on its 
chromosomes (wherein each gene may be substituted with its functionally equivalent gene, 
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respectively). 

23. The host of any one of descriptions 17-22, wherein said host is animal, or cell, 
tissue or egg derived from it. 

24. The host of description 23, wherein said animal is mammalian. 

25. The host of description 23, wherein said animal is avian. 

26. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of descriptions 1-3, 5, 7 or 
8, or cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said cRNA, 

b. a group of enzymes required for replicating said RNA or said cRNA, or a unit 
capable of biosynthesizing said group of enzymes, and 

c. a group of proteins related to the infectivity of said complex, or a unit for 
biosynthesizing said group of proteins. 

27. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of descriptions 1-3, 5, 7 or 
8, or cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said cRNA, 

b. a group of enzymes required for replicating said RNA or said cRNA, or a unit 
capable of biosynthesizing said group of enzymes, and 

c. the host of any one of descriptions 12-25. 

28. A kit consisting of the following two components, 

a. the complex of any one of descriptions 1-3, 5, 7 or 8, and 

b. the host of any one of descriptions 12-25. 

29. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of descriptions 3, 5 or 8, or 
cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said cRNA, 

b. all NP, P and L proteins of Sendai virus, or a unit for biosynthesizing said group of 
proteins, and 

c. a group of proteins related to the infectivity of said complex, or a unit for 
biosynthesizing said group of proteins. 

30. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of descriptions 3, 5 or 8, 
cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said cRNA, 

b. all NP, P and L proteins of Sendai virus, or a unit capable of biosynthesizing said 
group of proteins, and 

c. the host of any one of descriptions 17-25. 

3 1 . A kit consisting of the following two components, 

a. the complex of any one of descriptions 3, 5 or 8, and 

b. the host of any one of descriptions 17-25. 
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32. A method for producing the complex of any one of descriptions 1-3, 5, 7 or 8 by 
introducing three components of descriptions 26a, 26b and 26c into a host. 

33. A method for producing the complex of any one of descriptions 1-3, 5, 7 or 8 by 
introducing both components of descriptions 27a and 27b into the host of description 27c. 

34. A method for amplifying and producing the complex of description 28a by 
transfecting said complex to the host of description 28b. 

35. A method for producing the complex of any one of descriptions 3, 5 or 8 by 
introducing the three components of descriptions 29a, 29b and 29c into a host. 

36. A method for producing the complex of any one of descriptions 3, 5 or 8 by 
introducing both components of descriptions 30a and 30b into the host of description 30c. 

37. A method for amplifying and producing the complex of description 3 la by 
transfecting said complex into the host of description 31b. 

38. The RNA molecule of description 9 wherein a gene corresponding to the M, F, or 
HN gene is deleted or inactivated. 

39. The RNA molecule of description 9 wherein all the genes corresponding to the M, 
F and HN genes are deleted or inactivated. 

40. A kit consisting of the following three components, 

a. the RNA molecule of description 38, 

b. the host of description 20, and 

c. the host of description 19. 

41. A method for producing a complex by introducing the RNA molecule of 
description 40a into the host of description 40b, and amplifying and producing said 
complex by transfecting it into the host of description 40c. 

42. A complex produced by the method of description 41. 

43. A kit consisting of the following three components, 

a. the RNA molecule of description 39, 

b. the host of description 22, and 

c. the host of description 21. 

44. A method for producing a complex by introducing the RNA molecule of 
description 43a into the host of description 43b, and amplifying and producing said 
complex by transfecting it into the host of description 43c. 

45. A complex produced by the method of description 44. 

46. An inhibitor for RNA replication contained in the complex of either descriptions 
42 or 45 comprising an inhibitory drug of the RNA-dependent RNA replication. 

47. A method for preparing the foreign proteins, wherein said method comprises the 
process of introducing the complex of description 7 to a host and the process of recovering 
the expressed foreign proteins. 

48. A method for preparing the foreign proteins of description 47, wherein the host is a 
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cell expressing a group of genes, from among those related to the disseminative capability, 
which are deficient in the RNA molecule contained in the complex of description 7. 

49. A culture medium or allantoic fluid containing the expressed foreign proteins, 
wherein said culture medium or allantoic fluid is obtained by inoculating the complex of 
description 7 into a host and recovering it. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of a process for generating complexes of the 
present invention from cDNA deficient in the M gene of Sendai virus (step A) amplifying 
said complexes in an M-expressing cell (step B), and replication of said complexes in a 
normal cell (step C). 

Figure 2 is a schematic representation of the construction of a 
pUC 1 8/T7(+)HV JRz.DNA. 

Figure 3 is a schematic representation of the construction of a 
pUC 1 8/T7(-)HV JRz.DNA. 

Figure 4 is a graphical representation showing the relationship between the time after 
the infection of SeVgpl20 into CV-1 cells and levels of HAU and gpl20 expression. 

Detailed Description of the Invention 

Any negative strand RNA viruses with disseminative capability may be used as 
materials in the present invention. Although incomplete viruses such as defective 
interfering particles (DI particles) and synthetic oligonucleotide may also be used as partial 
materials, in general, they must have the base sequence equivalent to that of the virus with 
disseminative capability. Negative strand RNA viruses of the present invention include, 
for example, Sendai virus, Newcastle disease virus, mumps virus, measles virus, respiratory 
syncytial virus, rinderpest virus of cattle and canine distemper virus of Paramyxoviridae, 
influenza virus of Orthomyxoviridae, vesicular stomatitis virus and rabies virus of 
Rhabdoviridae. 

As the negative strand viral material, recombinant negative strand viruses derived 
from any viruses described above and retaining the disseminative capability may be used. 
For example, the recombinant negative strand virus may be the one with the gene for the 
immunogenicity inactivated or a partial region of gene altered to enhance the efficiency of 
RNA transcription and replication. 

RNAs contained in the RNA-protein complex of the present invention can be 
obtained by transcribing modified cDNAs derived from any viruses or recombinant 
viruses described above in vitro or intracellularly. In RNAs thus obtained, at least one 
gene related to the disseminative capability of the original virus must be deleted or 
inactivated, but the gene related to the autonomous replication should not. In addition, 
RNA molecules with artificial sequences, which are obtained by transcribing, in vitro or 
intracellularly, DNA formed by inserting the genes for the autonomous replication into 
cDNA having both terminus structures of the virus genome may be also used. 

As described above, in the case of Sendai virus, "the genes related to autonomous 
replication" refer to the NP, P and L genes, and "the gene related to the disseminative 
capability" refers to any one of the M, F and HN genes. Therefore, the RNA molecule of 
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Sendai virus Z strain deficient only in the M gene, for example, is suitable as a component 
contained in the "complex" of the present invention. Also, the RNA molecule having all 
the M, F and HN genes deleted or inactivated are also preferable as the component 
contained in the "complex" of the present invention. On the other hand, it is necessary for 
the genes encoding the NP, P and L proteins to be expressed from RNA. However, the 
sequences of these genes are not necessarily the same as those of virus, and may be 
modified by introducing variations, or replacing by the corresponding gene derived from 
other viruses, so far as the transcription and replication activity of the resulting RNA is 
similar to or higher than that of the natural one. 

"Virus structural component free of nucleic acid" of the present invention includes, 
for example, virus with only its RNA removed. As such structural component is used the 
one which complements the infectivity and autonomous replicating capability at the early 
stage, but not the disseminative capability. In the case of Sendai virus, the complex 
composed of its RNA with only the M gene deleted, and Sendai virus having only its RNA 
deleted have the infectivity and autonomous replicating capability, but no disseminative 
capability. Complex may contain other components so long as it is provided with no 
disseminative capability. For example, complex may contain adhering molecule, ligand, 
receptors, etc. on its envelope surface for facilitating the adherence to specific cells. 

The RNA molecule contained in the complex can have an inserted foreign gene at its 
appropriate site. In order to express a desired protein, the foreign gene encoding said 
protein is inserted. In the case of Sendai viral RNA, a sequence of bases of 6 
multiplication in number is preferably inserted between sequences Rl 
(5'-AGGGTCAAAGT-3 ') and R2 (5 '-GTAAGAAAAA-3 f ) [Journal of Virology, Vol. 67, 
No. 8 (1993), p.4822-4830]. Levels of expression of the foreign gene inserted into RNA 
can be regulated by virtue of the site of gene insertion and the base sequence flanking the 
inserted foreign gene. For example, in the case of Sendai viral RNA, it is thought that 
there are increasing levels of expression of the inserted gene with decreasing distance of 
said gene from the 3' terminal promoter, whose length has not been precisely defined yet. 
Preferred host cells for the introduction of the complex to express in high quantities desired 
proteins are those expressing genes deleted in the RNA molecule composed of said 
complex. For this, transgenic avian eggs expressing said genes are most preferable for 
preparing proteins in large quantities because said genes complement the defects of the 
virus, facilitating the virus production and thus yielding the inserted gene product in high 
quantities in the allantoic fluid. Also, proteins thus expressed can be recovered from the 
culture medium when the avian cells are cultured in vitro. In Examples 5 and 6 is used a 
disseminative complex in place of non-disseminative complex of the present invention. 
However, it will be clear to those skilled in the art that similar results are obtained with the 
complex of the present invention as with the disseminative complex in these examples 
when "cells expressing genes deleted from among genes for disseminative capability in the 
RNA molecule contained in the complex" are used as host cells. 

The present inventers have confirmed that, for the efficient reconstitution of Sendai 
virus particles, cDNA to be introduced into cells must be in the circular form rather than in 
the linear form, and, for viral particle formation at a high efficiency, the transcription of the 
positive strand RNA is preferred to that of the negative strand RNA within cells. 
Although these conditions may not necessarily be applicable to the reconstitution of all 
other negative strand RNA viruses, it is possible to search for appropriate conditions for the 
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reconstitution of other negative strand RNA viruses based on the disclosure of the present 
invention and conventional technology, indicating a possibility for establishing techniques 
to produce basic materials of desired negative strand viral vectors, that is, the viral 
reconstitution systems. 

Sendai virus reconstitution can be initiated following transfection with full-length 
viral RNA, either negative or positive sense, that has been synthesized in vitro from the 
cDNAs. This indicates that, if cells which express all viral proteins (N, P, and L) required 
for initial transcription, replication, and encapsidation are constituted, the recombinant 
Sendai virus, eventually complexes described above can be formed entirely without using 
helper viruses such as vaccinia virus. Since cells which express all the three viral proteins 
required for initial transcription, replication, and encapsication were already described [J. 
Virology, 68, 8413-8417 (1994)], those skilled in the art may form such complementing 
cells. The cell type described in said reference are the one derived from the 293 cell line 
which carries three of Sendai virus genes, namely NP, P, and L, on its chromosome, 
expressing proteins encoded by the three genes, NP, P, and L. 

From numerous examples of viral vectors, if viral particles can be efficiently 
reconstructed from nucleic acids, it is obvious that those skilled in the art are able to readily 
exchange a desired viral gene, insert a foreign gene, or inactivate or delete a desired gene. 
For example, an article on the use of DI (defective interfering) particles [J. Virol., 68, 
8413-8417 (1994)] clearly indicates that, when Sendai virus RNA devoid of most of the 
protein-conding region but intact in its promoter sequences at both termini can be replicated 
in cells, if group of enzymes (L and P proteins) necessary for transcription and replication 
and the structural protein N to encapsidate the viral RNA are provided simultaneously in 
the cells. Therefore, once an RNA molecule containing a foreign gene transcribed from 
"specific viral cDNA deficient in at least a part of structural genes but normal in genes 
coding for N, P, and L, begins to be replicated by N, P, and L coexpressed by the 
cotransfected plasmid cDNAs, a virus particle will be formed, which is infectious to and 
autonomously replicating in a new cell, but deficient in the disseminative potency, and can 
express the foreign gene. Such complexes are extremely useful as a vector for gene 
therapy. That is, in the present invention, with a negative strand RNA virus, it becomes 
possible to prepare complexes which are infectious as well as autonomously replicative to 
express a foreign gene but is deficient in the disseminative potency. 

Such complexes defective in certain viral genes can be recovered and amplified from 
cells which express the corresponding (to the deleted genes) structural proteins to 
complement the defects of the recombinant virus genes. Taking embryonated avian eggs 
into consideration as the most suitable host for proliferating such a defective, recombinant 
Sendai virus to a high titer, it is considered that transgenic avians, their eggs and cells 
which carry at least one or more genes out of M, F and HN genes of Sendai virus on 
chromosome are suitable for amplifying the complexes. Methods for preparing transgenic 
avians have been reported [Poultry Sci., 65, 1445-1458 (1986); Bio/Technology, 12, 60-63 
(1994)], and those skilled in the art should appropriately produce transgenic birds carrying 
at least one or more genes out of M, F and HN genes on their chromosomes. 

The present invention also provides a method for preparing the complex described 
above. In the following, cases related to Sendai virus are exemplified. Genome of 
Sendai virus Z is a single stranded RNA comprising 15384 nucleotides. Its entire base 
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sequence has been determined from cDNA clones prepared by using reverse transcriptase 
[Nucleic Acids Research, 11, 7313-7330 (1983); Nucleic Acids Research, 12, 7965-7972 
(1984); Nucleic Acids Research, 14, 1545-1563 (1986)]. Since its genome RNA is a 
negative strand, a group of enzymes and proteins are required to transcribe the genome. 
The newly made proteins (N, P, and L) from the primary transcripts replicate and 
encapsidate the nascent antigenomic RNA strand. This antigenome, in turn, is replicated 
to a new genome strand by the same N, P, and L proteins. At least six proteins including 
NP, P, M, F, HN, and L are known as proteins encoded by the genome RNA. It has been 
elucidated that, of these proteins, NP, P and L are factors essential and sufficient for 
replication [Journal of Virology, 68, 8413-8417 (1994)], and M, F and HN are components 
necessary for constructing the viral structure. Based on these facts, when a specific RNA 
virus from which RNA is derived is Sendai virus, it is possible to reconstruct an infectious 
complex by transferring both 1) cDNA transcribable to RNA and a gene encoding the RNA 
polymerase necessary for transcribing said RNA within cells or 2) an RNA molecule itself 
transcribed from said cDNA in vitro into cells wherein all the genes for the autonomous 
replication, NP, P, and L, and a group of genes, out of M, F and HN genes, that had been 
deleted to restrict cell to cell dissemination, are expressed. In this case, all these 
transacting genes, NP, P, L, M, F, and HN, may be transiently expressed by transfecting 
cells with the plasmids coding for the respective genes. However,genes related to 
disseminative capability at least are preferably incorporated into cellular 

chromosomes to be stably expressed. 

The complex reconstituted as above can be produced to a high titer, by infecting cells 
which express genes, one or some of M, F, and HN genes, which had been deleted in the 
recombinant virus. Transgenic avian eggs expressing said group of genes are preferable 
for this purpose to produce the complex in a large scale. 

In addition, M, F, and HN genes expressed in cells and animals are not necessarily of 
the wild-type Sendai virus. Any of those with functions equivalent to those of the wild- 
type will be usable. That is, any gene may be used where said gene has complementarity 
to the function of Sendai virus gene deleted to make the virus nondeseminating. 
Preferable cells to be used are host cells for Sendai virus. Any cells can be theoritically 
used, if they are sufficiently susceptible to and permissive for Sendai virus infection and 
replication, to express M, F, and/or HN genes, and complement the defect of the 
recombinant Sendai virus intracellularly produced. 

Hitherto only the enhancement of expression efficiency has been emphasized with 
conventional RNA virus vectors, and little efforts have been made for developing 
compounds to suppress the RNA replication to prevent unfavorable results due to excessive 
expression. 

As the "RNA replication inhibitor" of the present invention, any drugs to inhibit 
RNA-dependent RNA replication may be applied, and, for example, Ribavirin, TJ 13025, 
etc. are used. Such replication inhibitors are effective, for example, when health 
deterioration is noticed with the cellular amplification of recombinant RNA, or when the 
down-regulation of intracellular expression of foreign genes derived from recombinant 
RNA is required. 
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As an embodiment of the present invention, processes for reconstituting the complex 
of the present invention from cDNA with the M gene deleted of Sendai virus (steps A-B), 
and those for amplifying said complex (steps B-C) are shown in Fig. 1 . 

In the following, the present invention will be concretely described with reference to 
Examples, but not be limited to them. 

Example 1 . Preparation of Sendai virus cDNA plasmids pUC 1 8/T7MHV JRz.DNA and 
pUC 1 8/T7f +)HV JRz.DNA 

Plasmid pUC18/T7(-)HV JRz.DNA was constructed by inserting a DNA molecule 
comprising T7 RNA polymerase promotor, Sendai virus cDNA designed to be transcribed 
to the negative strand RNA and the ribozyme gene in this order into pUC18 vector. Also, 
plasmid pUC 1 8/T7(+)HV JRz.DNA was constructed by inserting a DNA molecule 
comprising T7 RNA polymerase promotor, Sendai virus cDNA designed to be transcribed 
to the positive strand RNA and the ribozyme gene in this order into pUC18 vector. 
Constructions of pUC18/T7(-)HV JRz.DNA and pUC18/T7(+)HV JRz.DNA are shown in 
Figs. 2 and 3, respectively. 

Example 2.Reconstitution experiment of Sendai virus from cDNA 

LLC-MK2 cells (2 x 10 6 ) trypsinized in a usual manner were placed in a 60-mm 
diameter plastic dish, and incubated in MEM medium (MEM supplemented with 10% FBS) 

(10 ml) in a 5% C0 2 atmosphere at 37°C for 24 h. After removing the medium and 
washing with PBS (1 ml), a suspension of recombinant vaccinia virus vTF7-3 expressing 
T7 polymerase in PBS (0.1 ml) was added to the cells at the multiplicity of infection (moi) 
of 2. The dish was gently agitated every 1 5 min to thoroughly spread the viral solution for 
1 h infection. After removing the viral solution and washing with PBS (1 ml), a medium 
containing cDNA, which was prepared as follows, was added to the dish. 

Nucleic acids shown in Tables 1 and 2 (containing plasmids expressing factors 
required for the replication of Sendai virus, pGEM-L, pGEM-P, and pGEM-NP, were 
placed in a 1.5-ml sampling tube, and adjusted to a total volume of 0.1 ml with HBS (Hepes 
buffered saline; 20 mM Hepes pH 7.4 containing 150 mM NaCl). In those tables, (-) and 
(+)cDNAs represent plasmids pUC18/T7(-)HV JRz.DNA and pUC18/T7(+)HV JRz.DNA, 
respectively, and /C and /L indicate that cDNA is introduced into cells in the circular form 
and linear form after digestion of those two plasmids with restriction enzyme Mlul, 
respectively. 

On the other hand, in a polystyrene tube were placed HBS (0.07 ml), DOTAP 
(Boehringer Mannheim) (0.03 ml). To this tube was added the nucleic acid solution 
described above, and the mixture was left standing as such for 10 min. Then, to this 
mixture was added the cell culture medium described above (2 ml, MEM supplemented 
with 10% FBS) followed by the vaccinia virus inhibitors, rifampicin and cytosine 
arabinoside C (C/Ara/C), to the final concentrations of 0.1 mg/ml and 0.04 mg/ml, 
respectively, resulting in the preparation of the medium containing cDNA described above. 

The dish described above was incubated in a 5% CO2 atmosphere at 37°C for 40 h. 
The cells in the dish were harvested using a rubber policeman, transferred to an Eppendorf 
tube, sedimented by centrifuging at 6,000 rpm for 5 min, and re-suspended in PBS (1 ml). 
Aliquots of this cell suspension, as such or after diluted, were inoculated to 10-days old 
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developing embryonated chicken eggs. That is, the cell suspension was diluted with PBS 
to the cell numbers shown in Table 1, and eggs inoculated with its 0.1 to 0.5-ml aliquots 

were incubated at 3 5 °C for 72 h, then at 4°C overnight. Chorio-allantoic fluid was 
recovered as the source of reconsituted virus from these eggs using a syringe with a needle. 

Hemagglutinin unit (HAU) and plaque forming unit (PFU) of the recovered virus 
solution were assayed as follows. HAU was determined as follows. Chicken 

blood was centrifuged at 400 x g for 10 min and the supernatant was discarded. 
Precipitates thus obtained were suspended in 100 volumes of PBS(-), and centrifuged at 
400 x g for 10 min to discard the supernatant. This procedure was repeated twice to 
prepare an 0.1% blood cell solution in PBS. Two-fold serial dilutions of virus solutions 
were prepared, and 0.05 ml each dilution to be assayed was dispensed into each well of 
96-well titer plate. The blood cell solution (0.05 ml each) was further added to each well, 

gently swirled to ensure a thorough mixing, and left at 4°C for 40 min. The reciprocals of 
the highest virus dilution to cause the hemagglutination observable with the naked eye was 
taken as HAU. 

PFU was assayed as follows. CV-1 cells were grown to a monolayer on a 6-well 
culture plate. After the culture medium was discarded, a virus solution 10-fold serially 
diluted (0.1 ml each) was dispensed into each well of the culture plate to infect the cells at 

37°C for 1 h. During the infection, a mixture of 2 x MEM free of serum and melted 2% 

agar (55°C) was prepared, and trypsin was added to the mixture to a final concentration of 
0.0075 mg/ml. After 1 h infection and removal of the virus solution, the culture medium 
mixed with agar (3 ml each) was added to each well of the culture plate, and incubated 

under a 5% C0 2 atmosphere at 37°C for 3 days. Phenol red (0.1%) (0.2 ml) was added to 
each well, incubated at 37°C for 3 h, and then removed. Unstained plaques were counted 
to estimate the virus titer as PFU/ml. 

Table 1 shows Sendai virus template cDNAs transfected into LLC-2 cells, amounts of 
cDNA factors, pGEM-L, pGEM-P, and pGEM-NP, required for the RNA replication, 
incubation time, cell numbers inoculated to chicken eggs, HAU and PFU values recovered 
into the allantoic fluid. 



Table 1 



Template 
cDNA amount 
(Sg) 


pGEM 
-L 

(Sg) 


pGEM 
-P 

(Sg) 


pGEM 

-NP 

(Sg) 


Incubation 
time (h) 


Amount 
of cells 


HAU 


PFU 


(+)cDNA/C 


10 


4 


2 


4 


40 


LOOxlO 5 


512 


2x10* 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00x10 s 


256 


9x1 0 8 


(+)cDNA/C 


10 


4 


2 


4 


40 


LOOxlO 6 


256 


9xl0 8 


(+)cDNA/L 


10 


4 


2 


4 


40 


1.00x10 s 


<2 


< 10 


(+)cDNA/L 


10 


4 


2 


4 


40 


LOOxlO 5 


<2 


< 10 
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(+)cDNA/L 


10 


4 


2 


4 


40 


l.OOxlO 6 


<2 


< 10 


(-)cDNA/L 


10 


4 


2 


4 


40 


l.OOxlO 4 


<2 


< 10 


(-)cDNA/L 


10 


4 


2 


4 


40 


LOOxl 0 5 


<2 


< 10 


(-)cDNA/L 


10 


4 


2 


4 


40 


l.OOxlO 6 


<2 


< 10 


(-)cDNA/C 


10 


4 


2 


4 


40 


l.OOxlO 4 


<2 


< 10 


(-)cDNA/C 


10 


4 


2 


4 


40 


l.OOxlO 5 


<2 


<10 


(-)cDNA/C 


10 


4 


2 


4 


40 


l.OOxlO 6 


4 


8xl0 3 



Samples showing both HAU and PFU were sedimented by ultra-centrifugation, 
re-suspended, purified by a sucrose density gradient centrifugation from 20% to 60%. The 
viral proteins of thus purified virions were fractionated by 12.5% SDS-PAGE. Each viral 
protein recovered from cDNAs samples was the same in size as that of the conventional 
Sendai virus. 

These results demonstrated that Sendai virus can be reconstituted by introducing 
cDNAs into cells, and that virus particles are more efficiently reconstituted by introducing 
cDNAs transcribing positive strand RNAs as compared with those transcribing negative 
strand RNAs, and further by introducing cDNAs in the circular form rather in the linear 
form. The coexisting vaccinia virus in an amount of ca 10 4 PFU/ml in the allantoic fluid 
was readily eliminated by the virus once again in eggs at a dilution of 10" or 10" . This 
limiting dilution protocol was used to prepare vaccinia-free stock of recovered Sendai virus 
in this and all subsequent studies. 

Example 3. Survey of RNA replication factors required for Sendai virus reconstitution 

Experiments were performed to examine whether all three plasmids expressing the L, 
P, and NP proteins were required for the reconstitution of Sendai virus. Experimental 
methods were similar to those described in Example 2 except that any combinations of two 
out of pGEM-L, pGEM-P, and pGEM-NP plasmids or only one out of them, instead of all 
these three combined as in Example 2, were introduced together with a template cDNA into 
cells. 

Table 2 shows Sendai virus template cDNAs introduced into LLC-MK2 cells, 
amounts of the cDNA plasmids required for RNA replication in trans, incubation time, 
number of cells inoculated into chicken eggs, and values of HAU and PFU. 

Table 2 

Template pGEM pGEM pGEM Incubation Number of HAU PFU 

cDNA amount -L -P -NP time cells 

(Sg) 00 inoculated 

(+)cDNA/C 10 4 2 4 40 l.OOxlO 5 256 6x10* 

(+)cDNA/C 10 4 2 4 40 l.OOxlO 6 512 4xl0 9 
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(+)cDNA/C 
(+)cDNA/C 



10 
10 



0 
0 



2 
2 



4 
4 



40 
40 



1.00x10* 



1.00x10* 



<2 < 10 
<2 < 10 



(+)cdna;c 

(+)cDNA/C 



10 
10 



4 
4 



0 
0 



4 
4 



40 
40 



1.00x10° 



1.00x10° 



<2 
<2 



< 10 
<10 



(+)cDNA/C 
(+)cDNA/C 



10 
10 



4 
4 



2 
2 



0 
0 



40 
40 



l.OOxlO 6 
l.OOxlO 6 



<2 
<2 



< 10 
<10 



(+)cDNA/C 
(+)cDNA 



10 
10 



0 
0 



0 
0 



4 
4 



40 
40 



1.00x10° 



l.OOxlO 6 



<2 
<2 



< 10 

< 10 



(+)cDNA/C 
(+)cDNA/c 



10 
10 



0 
0 



2 
2 



0 
0 



40 
40 



l.OOxlO 6 



l.OOxlO 6 



<2 
<2 



<10 
< 10 



(+)cDNA/C 
(+)cDNA/C 



10 
10 



4 
4 



0 
0 



0 
0 



40 
40 



1.00x10° 



1.00x10° 



<2 < 10 
<2 < 10 



As shown in Table 2, no virus reconstitution was observed by introducing any 
combinations of two out of these three factors into cells, confirming the necessity of all 
three proteins L, P, and NP for the virus reconstitution. 

Example 4. Reconstitution experiment of Sendai virus in vitro from transcribed RNAs 

Since the reconstitution of Sendai virus from the functional cDNA clones was 
described in Example 2, it was further examined whether transcription products of said 
cDNAs in vitro, that is, v or (-)RNA and c or (+)RNA, can initiate and support similar 
reconstitution. 

After the Sendai virus cDNA plasmids, pUC18/T7(-)HVJRz.DNA and 
pUC18/T7(+)HVJRz.DNA, were linearized with restriction enzyme Mlul, using these 
DNAs as templates, RNA synthesis was performed in vitro with a purified T7 polymerase 
preparation (EPICENTRE TECHNOLOGIES: Ampliscribe T7 Transcription Kit). The 
method for synthesizing in vitro RNAs essentially followed the protocols provided with the 
kit. Using RNA products thus obtained in place of cDNAs in Example 2, similar 
experiments were performed, and the virus production was estimated by HA test. Results 
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are shown in Table 3. 

Table 3 



Template 


pGEM 


pGEM 


pGEM 


Incubation 


Number of cells 


HA 


PFU 


cDNA amount 


-L 


- P 


-NP 


time (h) 


inoculated 


u 




(Hg) 


(Hg) 


(Hg) 


(Og) 










in vitro 10 


4 


2 


4 


40 


1.00x10* 


512 


2xl0 y 


(-)RNA 
















in vitro 10 


4 


2 


4 


40 


l.OOxlO 6 


512 


ND 


(-)RNA 
















in vitro 10 


4 


2 


4 


40 


1.00x1 0 6 


2 


5xl0 3 


(+)RNA 
















in vitro 10 


4 


2 


4 


40 


l.OOxlO 6 


<2 


ND 


(+)RNA 

















These results indicate that virus can be reconstituted by introducing either negative or 
positive sense strand RNAs into cells. 

Example 5. Expression of foreign genes inserted into Sendai viral vectors in host cells 

1. Preparation of Sendai virus vector M pSeVgpl20" inserted with a foreign gene, the 
gpl20 of human immunodeficiency virus type 2 (HIV) 

Using a set of primers comprising primer a 
(5 f -TGCGGCCGCCGTACGGTGGCAATGAGTGAAGGAGAAGT-3') (SEQ ID NO:l) 
and primer d 

(S-TTGCGCCCGCGATGAACTTTCACCCTAAGTTTTTTATTACTACGGCG-TACGT 
CATCTTTTTTCTCTCTGC-3') (SEQ ID NO:2), the HIV-lgpl20 gene was amplified on 
"pN1432" or a full-length cDNA of HIV-1 strain NL43 by the standard PCR techniques. 
PCR products were subjected to TA cloning, digested with NotI, and then inserted into the 
NotI site of "pSeVl 8 + ". pSeVl 8 + contains an additional 1 8 nucleotide sequence with a 
unique NotI restriction site which is placed before the ORF of NP gene of 
pUC/T7(+)HVJRz. Then, E. coli cells were transformed with this recombinant plasmid. 
DNAs were extracted from each colony of E. coli by the "Miniprep" method, digested with 
Dralll, and then electrophoresed. Positive clones (designated "clone 9" hereafter) were 
selected by confirming to contain DNA fragments of the size expected from the insertion. 
After DNA fragments were confirmed to have the authentic nucleotide sequence, DNAs 
were purified by a cesium chloride density gradient centrifugation. pSeV18 + inserted with 
the gpl20 gene is designated M pSeVgpl20" hereafter. 2. Reconstitution of Sendai 

virus containing pSeVgpl20 (SeVgpl20) and analysis of gpl20 expression 

Reconstitution of the virus from pSeVgpl20 in LLCMK2 cells, the virus recovery 
from allantoic fluid of embryonated chicken eggs, and assay of the viral HAU were done 
exactly as described in Example 2. The recovered virus was also examined for the 
expression of gpl20 by ELISA as follows. 

Samples (100 HI each allantoic fluid) were dispensed into each well of a 96-well 
plate which had been coated with monoclonal antibody against HIV-1, and incubated at 
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37°C for 60 min. After washing with PBS, HRP-linked anti-HIV-1 antibody (100 HI 



each) was added to each well, and incubated at 37°C for 60 min. After washing with PBS, 
tetramethylbenzidine was added to each well, and amounts of reaction product converted by 
the action of HRP under acidic conditions were determined by following the optical 
density at 450 nm to estimate the expression amount of gpl20. Results are shown in the 
left-hand column in Table 4. 

The virus solution thus obtained was inoculated to CV-1 cells, and similarly 
examined for gpl20 expression as follows. CV-1 cells .were dispensed to a culture plate at 
5 x 10 5 cells/plate, grown, and then the culture medium was discarded. After washing 
with PBS(-), the viral solution was added to the cells at the multiplicity of infection of 10, 

and incubated at 37°C for 1 h. After the virus solution was discarded, washed with 
PBS(-), a plain MEM medium (MEM medium supplemented with antibiotics AraC and Rif, 
and trypsin) was added to the cells, and incubated at 37°C for 48 h. After the reaction, the 
medium was recovered and assayed for HAU (by a similar method as described in Example 
2) and examined for the expression of gpl20 (by ELISA). Results are shown in the center 
column of Table 4. In addition, the supernatant of CV-1 cell culture medium was 
inoculated to embryonated chicken eggs again, and the virus solution thus obtained was 
assayed for HAU and also examined for the gpl20 expression (by ELISA). Results are 
shown in the right hand column of Table 4. 

Table 4 

(M g/ml) 



Allantoic fluid (Fl) 
gpl20 (HAU) 


CV-1 medium (Fl) gpl20 
(HAU) 


Allantoic 
fluid (F2) 
gpl20 (HAU) 


0.10(4) 


3.46 (128) 




0.15(32) 


1.81 (128) 


1.56, 1.21 






(512,512) 


0.05 (32) 


2.20 (128) 





As shown in Table 4, markedly high concentrations of gpl20 were detected in CV-1 
cells in culture (center column of the Table), and also in the allantoic fluids from 
embryonated chicken eggs inoculated again with the virus (right-hand column of the Table). 
In the left-hand and center columns of the Table are shown the mean values of three clones. 

Furthermore, the expression of gpl20 was analyzed by Western blotting. After the 
culture medium of CV-1 cells infected with SeVgpl20 was centrifuged at 20,000 rpm for 1 
h to sediment virus, the supernatant was treated with either TCA (10%, v/v) for 15 min on 

ice or 70% ethanol at -20°C, and centrifuged at 15,000 rpm for 15 min. Proteins thus 

precipitated were solved in an "SDS-PAGE sample buffer" (Daiichi Chemicals) at 90°C for 
3 min, and then subjected to electrophoresis on 10% SDS-polyacrylamide gel (SDS-PAGE). 
Proteins thus fractionated were transferred to PVDF membranes (Daiichi Chemicals), 
reacted with monoclonal antibody 902 at room temperature for 1 h, and then washed with 
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T-TBS. The membranes were reacted with anti-mlgG (Amersham) at room temperature 
for 1 h, and washed with T-TBS,. The membranes were then reacted with HRP-linked 
protein A (Amersham) at room temperature for 1 h, washed with T-TBS, and 
4-chloro-l-naphthol (4CNPlus) (Daiichi Chemicals) was added to detect gpl20. As a 
result, protein bands were visualized at positions corresponding to the expected molecular 
weight of gpl20. 

In addition, effects of postinfection time of CV-1 cells transfected with SeVgpl20 on 
the HAU value and gpl20 expression amount were analyzed. CV-1 cells (5 x 10 6 ) 
dispensed to 10-cm plate were infected with SeVgpl20 at the multiplicity of infection of 10, 
and the culture medium (1 ml each) was postinfectionally recovered at 30, 43, 53 and 70 h, 
mixed with an equal volume of the fresh medium, and subjected to HAU assay, gpl20 
expression examination (by ELISA) and Western blotting. Results are shown in Figure 4. 
As clearly shown in Fig. 3, the production of gpl20 tends to increase with the increasing 
HA titer of Sendai virus. 

Example 6. Analyses of SeVgpl20 propagation and gp!20 production in various types of 
cells 

Using similar methods as those in Example 5 except for the use of various types of 
cells, HAU and gpl20 expression levels (by ELISA) were assayed. Results are shown in 
Table 5. 

Table 5 



Cell type 


Hours (postinfection) 


HAU 


rgpl20 (Sg/ml) 


CV-1 


96 


32 


2.5 


LLCMK2 


48 


16 


0.5 


CHO 


55 


4 


0.46 


NIH3T3 


48 


4 


0.25 


MT4 


24 


16 


0.8 


MOLT4/ 


24 


16 


1.2 



In the left-hand column of the Table are shown the postinfection times (hours) of 
various types of cells transfected with SeVgpl20. As a result, SeVgpl20 propagation and 
gpl20 expression were detected in all types of cells tested. 

Example 7. Studies on the expression of luciferase gene inserted into the Sendai viral vector 
in host cells 

In order to isolate the luciferase gene for inserting to vectors, the luciferase gene 
bounded by the engineered NotI sites on both termini was constructed by the standard PCR 
using a set of primers [5'-AAGCGGCCGCCAAAGTTCACGATGGAAGAC-3') (30mer) 
(SEQ ID NO: 3)] and 

[5 f -TGCGGCCGCGATGAACTTTCACCC-TAAGTTTTTCTTACTACGGATTATTACA 
ATTTGGACTTTCCGCCC-3' (69mer) (SEQ ID NO: 4) with the minigenome encoding 
plasmid, "pHvluciRT4 M , as a template. The PCR product was cloned into the NotI 
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window of pSeV18 + to obtain a recombinant Sendai virus vector to which the luciferase 
gene is inserted. Then, this recombinant vector was transfected into LLCMK2 cells, and 
after 3 cycles of freezing and thawing, the cells were inoculated into embryonated 
chicken eggs. Chorio-allantoic membranes of developing eggs were excised out, twice 
washed with cold PBS(-), and, after the addition of lysis buffer (Picagene WAKO) (25 HI) 
and thorough mixing, centrifuged at 15,000 rpm for 2 min. To the supernatant (5 HI 
each) was added the substrate (IATRON) (50 HI), and the mixture was dispensed into each 
well of a 96-well plate. Fluorescent intensity was measured with a luminometer 
(Luminous CT-9000D, DIA-IATRON), and the enzyme activity was expressed as counts 
per second (CPS). As a result, an extremely high luciferase activity was detected. The 
egg grown recombinant virus was purified by passaging once again in eggs, so that the 
stock virus did not contain helper vaccinia virus. This stock virus was then used to infect 
CV-1 cells and examine luciferase expression in these cells. As shown in Table 6, again, 
extremely high luciferase activity was detected for infected CV-1 cells at 24-h postinfection 
(Table 6). In these experiments, Sendai virus which did not carry the luciferase gene was 
used as control (represented by "SeV" in the table). Results obtained from two clones are 
shown in the table. 

Table 6 



Fluorescence intensity (counts/ 10 sec) 





Chorio-allantoic membrane 


CV-1 (24h postinfection) 


Luc/SeV 


669187 






2891560 


8707815 


SeV 


69 


48 
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In the present invention, a system has been established allowing the efficient rescue 
of viral particles from cDNAs of negative strand viruses, and also a method has been 
developed enabling the production and amplification of "complexes comprised of RNAs 
derived from disseminative specific negative strand RNA virus and viral structural 
components containing no nucleic acids so as to have the infectivity and autonomous RNA 
replicating capability but no disseminative potency". Since said complexes can replicate 
only within infected cells but not spread from cell to cell, these techniques are especially 
useful in the fields of gene therapy, etc. wherein therapeutical safety is highly appreciated. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(1) APPLICANT: NAGAI, Yoshiyuki 

KATO, Atsushi 
MURAI, Fukashi 
ASAKAWA, Makoto 
SAKATA, Tsuneaki 
HASEGAWA, Mamoru 
SHIODA, Tatsuo 

(ii) TITLE OF INVENTION: Negative Strand RNA Viral Vector Having Autonomous 
Replication Capability 

(iii) NUMBER OF SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Clark & Elbing LLP 

(B) STREET: 176 Federal Street 

(C) CITY: Boston 

(D) STATE: MA 

(E) COUNTRY: U.S A. 

(F) ZIP: 02110-2214 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44 MB storage 

(B) COMPUTER: IBM compatible 

(C) OPERATING SYSTEM: MS-DOS ver 3.30 or later 

(D) SOFTWARE: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: JP HEI 7-308315 

(B) FILING DATE: 31 -OCT- 1995 
(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT/JP96/03068 

(B) FILING DATE: 22-OCT-1996 

(2) INFORMATION FOR SEQ ID NO: 1 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

TGCGGCCGCC GTACGGTGGC AATGAGTGAA GGAGAAGT 
38 

(2) INFORMATION FOR SEQ ID NO: 2 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

TTGCGGCCGC GATGAACTTT CACCCTAAGT TTTTVTTACT ACGGCGTACG 
TCATCTTTTT 60 

TCTCTCTGC 

(2) INFORMATION FOR SEQ ID NO: 3 

(1) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 30 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 

AAGCGGCCGC CAAAGTTCAC GATGGAAGAC 
30 

(2) INFORMATION FOR SEQUENCE ID NO: 4 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



22 



(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 

TGCGGCCGCG ATGAACTTTC ACCTAAGTT TTTCTTACTA CGGATTATTA 

CAATTTGGAC 60 TTTCCGCCC 

69 
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WHAT IS CLAIMED IS: 

1. A complex comprising an RNA molecule derived from a specific disseminative 
negative strand RNA virus and viral structural components containing no nucleic acid, 
having the cell infectivity and capable of autonomously replicating RNA, but deficient in 
the disseminative capability. 

2. The complex of Claim 1, wherein said specific RNA virus is a negative strand 
RNA having non-segmented genome. 

3. The complex of Claim 1, wherein said specific RNA virus is Sendai virus. 

4. An RNA molecule comprising Sendai viral RNA or its complementary RNA, 
wherein said RNA molecule is defective in that at least one or more than one gene coding 
for each of the M, F, and HN proteins are deleted or inactivated. 

5. A complex comprising the RNA molecule of Claim 4 and viral structural 
components derived from Sendai virus containing no nucleic acid, having the cell 
infectivity and capable of autonomously replicating RNA, but deficient in disseminative 
capability. 

6. A DNA molecule comprising a template DNA capable of transcribing the RNA 
molecule of Claim 4 in vitro or in vivo. 

7. The complex of any one of Claims 1-3 or 5, wherein the RNA molecule contained 
in said complex comprises a foreign gene. 

8. The complex of Claims 3 or 5, wherein the RNA molecule contained in said 
complex comprises a foreign gene. 

9. The RNA molecule of Claim 4 comprising a foreign gene. 

10. The DNA molecule of Claim 6 comprising a foreign gene. 

1 1. An inhibitor for RNA replication contained in the complex of any one of Claims 
1-3, 5, 7 or 8 comprising an inhibitory agent for the RNA-dependent RNA replication. 

12. A host whereto the complex of any one of Claims 1-3, 5, 7 or 8 can disseminate. 

13. The host of Claim 12 comprising genes for the infectivity of the complex of any 
one of Claims 1-3, 5, 7 or 8 on its chromosomes, and capable of replicating the same copies 
of said complex when infected with it. 

14. The host of Claims 12 or 13, wherein said host is animals, or cells, tissues, or 
embryonated eggs derived from it. 

15. The host of Claim 14 wherein said animal is mammalian. 

16. The host of Claim 14 wherein said animal is avian. 

17. A host expressing genes for the infectivity of the complex of any one of Claims of 
3, 5, or 8, and capable of replicating the same copies of said complex when infected with it. 

18. A host comprising more than one gene of the M, F, and HE genes derived from 
Sendai virus or genes having functions equivalent to them on its chromosomes. 

19. A host comprising the M, F, or HN gene of Sendai virus or each of their 
functional equivalent genes on its chromosomes. 
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20. A host comprising the M, NP, P and L genes of Sendai virus on its chromosomes 
(wherein each gene may be substituted with its functional equivalent, respectively). 

21 . A host comprising the M, F and HN genes of Sendai virus on its chromosomes 
(wherein each gene may be substituted with its functional equivalent, respectively). 

22. A host comprising the M, F, HN, NP, P and L genes on its chromosomes (wherein 
each gene may be substituted with its functional equivalent, respectively). 

23. The host of any one of Claims 17-22, wherein said host is animal, or cell, tissue or 
egg derived from it. 

24. The host of Claim 23, wherein said animal is mammalian. 

25. The host of Claim 23, wherein said animal is avian. 

26. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of Claims 1-3, 5, 7 or 8, or 
cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said cRNA, 

b. enzymes required for replicating said RNA or said cRNA, or a unit capable of 
biosynthesizing said enzymes, and 

c. proteins related to the infectivity of said complex, or a unit capable of 
biosynthesizing said proteins. 

27. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of Claims 1-3, 5, 7 or 8, or 
cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said cRNA, 

b. enzymes required for replicating said RNA or said cRNA, or a unit capable of 
biosynthesizing said enzymes, and 

c. the host of any one of Claims 12-25. 

28. A kit consisting of the following two components, 

a. the complex of any one of Claims 1-3, 5, 7 or 8, and 

b. the host of any one of Claims 12-25. 

29. A kit consisting of the following three components, 

a. the RNA molecule contained in any one of Claims 3, 5 or 8, or cRNA of said RNA, 
or a unit capable of biosynthesizing said RNA or said cRNA, 

b. all NP, P and L proteins of Sendai virus or a unit capable of biosynthesizing said 
proteins, and 

c. proteins related to the infectivity of said complex, or a unit capable of 
biosynthesizing said proteins. 

30. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of Claims 3, 5 or 8, or 
cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said cRNA, 

b. all NP, P and L proteins of Sendai virus, or a unit capable of biosynthesizing said 



25 



proteins, and 

c. the host of any one of Claims 17-25. 

31. A kit consisting of the following two components, 

a. the complex of any one of Claims 3, 5 or 8, and 

b. the host of any one of Claims 17-25. 

32. A method for producing the complex of any one of Claims 1-3, 5, 7 or 8 by 
introducing all three components of Claims 26a, 26b and 26c into a host. 

33. A method for producing the complex of any one of Claims 1-3, 5, 7 or 8 by 
introducing both components of Claims 27a and 27b in the host of Claim 27c. 

34. A method for amplifying and producing the complex of Claim 28a by transfecting 
said complex to the host of Claim 28b. 

35. A method for producing the complex of any one of Claims 3, 5 or 8 by 
introducing the three components of Claims 29a, 29b and 29c into a host. 

36. A method for producing the complex of any one of Claims 3, 5 or 8 by 
introducing both components of Claims 30a and 30b into the host of Claim 30c. 

37. A method for amplifying and producing the complex of Claim 31a by transfecting 
said complex into the host of Claim 31b. 

38. The RNA molecule of Claim 9 wherein a gene corresponding to the M, F, or HN 
gene is deleted or inactivated. 

39. The RNA molecule of Claim 9 wherein all the genes corresponding to the M, F, 
and HN genes are deleted or inactivated. 

40. A kit consisting of the following three components, 

a. the RNA molecule of Claim 38, 

b. the host of Claim 20, and 

c. the host of Claim 19. 

41. A method for preparing a complex by introducing the RNA molecule of Claim 
40a into the host of Claim 40b, and amplifying and producing said complex by transfecting 
it to the host of Claim 40c. 

42. A complex produced by the method of Claim 41. 

43. A kit consisting of the following three components, 

a. the RNA molecule of Claim 39, 

b. the host of Claim 22, and 

c. the host of Claim 21. 

44. A method for amplifying and producing a complex by introducing the RNA 
molecule of Claim 43 a into the host of Claim 43b, and amplifying and producing said 
complex by transfecting it to the host of Claim 43c. 

45. A complex produced by the method of Claim 44. 
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46. An inhibitor for RNA replication contained in the complex of Claims 42 or 45 
comprising an inhibitory agent of the RNA-dependent RNA polymerase. 

47. A method for preparing foreign proteins, wherein said method comprises 
processes of introducing the complex of Claim 7 to a host and recovering the expressed 
proteins. 

48. The method for preparing foreign proteins of Claim 47, wherein the host is a cell 
expressing a group of genes, from among those related to the disseminative capability, 
which are deficient in the RNA molecule contained in the complex of Claim 7. 

49. A culture medium or allantoic fluid containing the expressed foreign proteins, 
wherein said culture medium or allantoic fluid is obtained by transfecting the complex of 
Claim 7 to a host and recovering its culture medium or allantoic fluid. 
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ABSTRACT OF THE DISCLOSURE 

A method for reconstituting Sendai viral particles by transfecting Sendai virus to a 
host expressing all genes for 

the initial replication has been developed, enabling the 
production of negative strand RNA vectors highly useful for 
practical applications. 
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